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Chapter 1 
General Introduction 
This thesis focuses on the development of reading vocabulary of children with 
and without hearing loss. The thesis provides information on how (differences in) 
reading vocabulary knowledge can be specified on the basis of task type and word 
properties. Additionally, it is examined how reading vocabulary knowledge relates 
to decoding skills, reading comprehension and expected vocabulary at the end of 
primary school. The study provides insights about the language assessment of 
children with hearing loss, and it gives practical educational suggestions by 
indicating what types of words are challenging and why, and how these words 
could be instructed successfully. 
This introductory chapter commences by describing how (reading) vocabulary 
develops in children with normal hearing and how it relates to reading 
comprehension. Then the discussion moves on to vocabulary development in 
children with hearing loss. Afterwards, the design of the present study will be 
outlined, and an overview of the contents of the thesis will follow. 
Building vocabulary to support reading comprehension 
Vocabulary refers to the knowledge of words and word meanings (Miller, 1999) 
and reading vocabulary refers to the knowledge of written words. Young children 
acquire words through explicit labeling {look, a car!) or in the context of linguistic 
experience (we go home by car). Beyond the early years, children use this basic 
vocabulary to extend their vocabulary, one important source being reading. They 
thus build their reading vocabulary learning upon their spoken language 
vocabularies (Hanson, Shankweiler, & Fischer, 1983; Hermans, Knoors, Ormel, & 
Verhoeven, 2008; Leybaert, 1993). At the start of Grade 1 children know on 
average about 4,400 words, and 5,600 words by the end of Grade 2 (Goorhuis & 
Schaerlaekens, 2000) and by the end of primary school they know on average 
about 17,000 words (Appel, Kuiken, & Vermeer, 1996). 
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Vocabulary development in children with normal hearing 
Vocabulary, or word knowledge, is an important factor in reading 
comprehension in children with normal hearing (e.g., Aarnoutse & van Leeuwe, 
2000; Anderson & Freebody, 1981; Beck, Perfetti, & McKeown, 1982; Curtis, 
Collins, Gitomer, & Galser, 1983; Eldredge, 1990; Qian, 2002; Shiotsu & Weir, 
2007). It is essential for understanding words and sentences, for deriving the 
meaning of unknown words from the context, and for making text-connecting 
inferences and gap-filling inferences (Cain & Oakhill, 1999). Both the number of 
words in the mental lexicon and the quality (see below) of the representation of 
these words influence reading comprehension. Although studies regarding the 
number of words that should be known to understand a text lead to results from 
the 1,000 most frequent words to 5,000 word families/lemmas (Hirsh & Nation, 
1992; Mackey, 1965; Sciarone, 1979), the general conclusion is that children need 
a certain basic vocabulary to understand a variety of texts. 
What does it mean to know a word? Vocabulary knowledge is a complex 
concept. For a word to be facultative in reading comprehension, a child should 
have a complete knowledge network around the word, including knowledge of the 
word form, its pronunciation, shades of meaning, figurative usages, related 
concepts, knowledge of what a word means in different contexts, how to use a 
word in a sentence, and knowledge of its different morphological forms (Graves, 
2006; Kieffer & Lesaux, 2012; Paul, 1996; Stahl & Nagy, 2006). This view is 
elaborated in the lexical quality hypothesis (LQH): The representation of a word 
consists of a set of orthographic, phonological and semantic specifications of the 
word (Perfetti & Hart, 2002). The semantic component is constituted of both 
meaning and grammatical information, in which meaning refers to knowledge of 
multiple meanings, related concepts and so forth. 
Children with good reading comprehension skills will have high quality 
representations of many words, whereas children with reading comprehension 
problems will have high quality representations of only a few words. A word 
representation is of high quality when each of the components is well specified, 
and the relations between the components are valid (i.e., map onto the right 
components) and strong. High quality representations are formed through 
frequent encounters and lexical experiences with a word in differing contexts. 
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These encounters and lexical experiences strengthen the coherence between the 
different knowledge components and the reliability of each component (Perfetti & 
Hart, 2002). 
Vocabulary development in children with hearing loss 
Many children with hearing loss, defined in the context of this study as severe 
to profound bilateral hearing loss, have severe reading comprehension problems 
(Paul, 1998; Traxler, 2000; Wauters, van Bon, & Tellings, 2006). An important 
cause is their lack of vocabulary knowledge (Garrison, Long, & Dowaliby, 1997; 
LaSasso & Davey, 1987; Luetke-Stahlman & Nielsen, 2003; Paul, 2003; Wauters, 
van Bon, Tellings, & van Leeuwe, 2006). Although studies have shown that children 
with hearing loss both have smaller vocabularies and that their vocabulary 
knowledge is less rich in comparison to their normally hearing peers (Kelly, 1996; 
Marschark, Lang, & Albertini, 2002; Paul, 1996, 2003; Pittman, Lewis, Hoover, & 
Stelmachowicz, 2005; Traxler, 2000), in-depth knowledge about the differences in 
reading vocabulary between children with and without hearing loss is scarce. To 
address the major problem of hearing-impaired children's low reading 
comprehension scores, it is necessary to have a better understanding of their 
reading vocabulary knowledge and development, since this is an essential 
condition for directing vocabulary development 
Given that the reading vocabulary of hearing children usually builds upon their 
spoken language vocabulary, the delay children with hearing loss have in spoken 
language development is a complicating factor in their reading vocabulary 
development (Blarney, 2003). Hearing loss affects early language experiences due 
to limited sources of ambient language and smaller exposure rates (Auer, 
Bernstein, & Tucker, 2000). And even if absolute exposure rates are not affected, 
the perceived exposure rates may vary simply due to the very nature of profound 
hearing loss (Auer et al., 2000; Fagan & Pisoni, 2010). 
Thus, reading comprehension is affected by the lack of reading vocabulary 
children with hearing loss have due to spoken language delay. However, reading 
comprehension is also affected by (spoken) language through two other important 
aspects (Moeller, Tomblin, Yoshinaga-Itano, Connor, & Jerger, 2007). First, 
phonological skills influence the development of the word decoding skills that 
enable children to derive a representation from written or printed input. Hearing 
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loss affects the phonological development of a child and in turn word decoding 
skills (Moeller et al., 2007). Second, once children have decoded the words, lexical, 
sentence, and discourse processes that are involved in listening and speaking 
enable children to comprehend the meaning of the text Moeller et al. (2007) 
indicate that these skills are at least in jeopardy in children with mild to severe 
hearing loss, causing reading problems. Thus, due to the delay in spoken language 
acquisition of children with hearing loss, also their reading vocabulary and reading 
comprehension skills are delayed. 
Hearing loss: The Dutch case 
In the Netherlands, about 2.9 percent of the people have some degree of 
hearing loss (CBS, 2011a). However, there is a great variety in hearing loss and a 
much smaller group in the national population is deaf. Neonatal screening shows 
that the prevalence of moderate to profound hearing loss in the Netherlands is 
about 1 per 1000 births. With a birth rate of about 185,000 a year, about 185 
children are born annually with a bilateral hearing loss of 40dB or more (van der 
Ploeg & Rijpstra, 2010). However, information distinguishing between groups of 
children with differing degrees of hearing loss or regarding additional disabilities 
is not available. Furthermore, in a number of children permanent hearing loss is 
only diagnosed after the neonatal period. Reasons why they are not identified by a 
neonatal screening test can be delayed onset of hearing loss, progressive hearing 
loss, and acquired hearing loss, or children have an impairment at birth, but this 
impairment was not detected (Fortnum, 2003). Ongoing research suggests that the 
number of children in the Netherlands that are diagnosed with hearing loss 
between birth and nine years of age equals about half of the number of children 
that are identified by neonatal screening (J. A. P. M. de Laat, personal 
communication, January 24, 2012). This would be in line with previous findings 
(Fortnum, 2003; Morton & Nance, 2006). 
In the academic year 2010-2011, 625 deaf children and another 602 children 
who were hard-of-hearing were in Kindergarten to Grade 6 in schools for special 
education (respectively 399 and 520 without additional disabilities), and 139 deaf 
and 541 hard-of-hearing children were in mainstream schools under guidance of a 
peripatetic teacher (CBS, 2011b; Siméa, 2012). At present, there are two large 
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organizations (Royal Dutch Kentalis and Royal Auris Group) and several smaller 
institutions that provide education and care to children who are deaf or hard-of-
hearing, but also to children with specific language impairments and autism 
spectrum disorders, with or without additional physical or developmental 
disabilities. Special education focuses on improving communication and language 
skills by speech therapy, handling of hearing aids, use of augmentative 
communication next to spoken Dutch (like Sign Supported Dutch), and use of Sign 
Language of the Netherlands. Furthermore, there are adapted learning goals and 
instruction methods, designed by a national study group that also designed and 
produced the Sign Language of the Netherlands curriculum. Since 1995 the 
instruction language at special schools is officially bilingual: Sign Language of the 
Netherlands and spoken Dutch. However, many children with severe hearing loss 
receive one or two cochlear implants which greatly increase their access to spoken 
language, as a result of which language policies remain a point of attention in 
schools for special education. Although bilingualism is still the official policy in 
most schools, in many cases children are not exposed to Sign Language of the 
Netherlands but to Sign Supported Dutch. The implementation of cochlear 
implants, neonatal screening, and the act towards tailored education (which aims 
at integrating children who need extra care into mainstream education) form clear 
threats for the position of Sign Language of the Netherlands as a language used by 
people with hearing loss. To date Sign Language of the Netherlands has not been 
officially recognized as a minority language by the government. 
Assessment of children's vocabulary 
To study vocabulary, it is necessary to define what it means to know a word 
(Beck & McKeown, 1991). This question has been approached from different 
perspectives by different authors, all making different assumptions about the 
nature and the scope of the dimensions of vocabulary (Read & Chapelle, 2001). An 
extensive and widely used approach is the model of Nation (1990). This model 
represents both the different components of word knowledge from letter to 
sentence and even world knowledge, and the complexity of the underlying 
concepts. Another widely used continuum is the conceptualization of word 
knowledge by Dale (1965). In this model, word knowledge is acquired 
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sequentially; at stage one the pupil has no knowledge, at stage two the pupil 
"Heard or saw the word before, but doesn't know what it means", at stage three the 
child can "Recognize it in the context as having something to do with ...", and full 
knowledge is acquired at stage 4. Both the model of Nation and of Dale emphasize 
that word knowledge is not a dichotomous phenomenon (you know a word or you 
do not), but a continuous concept Since word knowledge consists of many 
different components, also a variety of task types can be distinguished to assess 
vocabulary knowledge (Read, 2000). 
Jamieson and Simmons (2005) emphasize the importance of meaningful 
assessment of language skills in children with hearing loss, since language 
assessment results are often used as a diagnostic measure to guide educational 
placement decisions and to set language goals. Yet, they also indicate that the 
reliability of language assessment in children with hearing loss is a major issue. 
Vocabulary assessment in children with hearing loss poses several challenges in 
the selection, administration, and interpretation of results of measures 
(Prezbindowksi & Lederberg, 2003). The present study focuses on the reading 
vocabulary knowledge of children at the end of primary school. Two reading 
vocabulary tasks were designed for the present study. These tasks enabled the 
objective assessment of a child's knowledge and progress, and the comparison of 
children with and without hearing loss of different ages. Besides norm-referenced, 
the tasks were also criterion-referenced, taking the expected vocabulary at the end 
of primary school as the target criterion. 
Furthermore, previous research has shown that differential word properties 
may influence vocabulary acquisition and processing. In the present study, the 
influence of the following eight word properties was investigated: word class, 
length, written frequency, morphological family size, age of acquisition (AoA), 
mode of acquisition (MoA), familiarity, and imageability. Of these properties, the 
length of a word and its part of speech (word class) are intrinsic to a word. Written 
frequency and morphological family size depend on the relationship to a larger 
corpus of words. Morphological family size is the number of complex words in 
which a base word occurs as stem, for example work-homework. Furthermore, 
AoA, MoA, familiarity, and imageability are a reflection of personal experiences 
with language. The first four word properties are machine countable, the latter 
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four can be collected by asking adults to rate words on a seven-point Likert scale 
for, respectively, the estimated age at which a child acquires the word, the type of 
information used for acquiring it (perceptual information, linguistic information, 
or some combination of these), how familiar the word is, and how easy a mental 
picture can be formed of its referent Studies have shown the value of these 
variables and the effect they have in certain word performance tasks in children 
and adults with normal hearing (Balota, Yap, & Cortese, 2006; Schreuder & Baayen, 
1997; Wauters, van Bon, & Tellings, 2006). A few studies also studied the effect of 
these word properties on lexical processing in children and adults with hearing 
loss. For example, the effect of familiarity, word frequency, AoA, and word length 
on the lexical production of adolescents and adults with hearing loss has been 
studied by Cuetos, Monsalve, Pinto, and Rodriguez-Ferreiro (2004), and the effect 
of MoA on reading comprehension in children with and without hearing loss by 
Wauters, Tellings, van Bon, and Mak (2008). 
The present study 
We longitudinally followed a group of children with hearing loss of different 
instructional ages, matching them with hearing children on instructional age and 
on reading age. Participants in this study were in total 140 pupils with hearing loss 
and 819 pupils with normal hearing from elementary schools throughout the 
Netherlands of whom the majority participated longitudinally (winter 2007 till 
spring 2011). Hearing-impaired children were in mainstream schools or in special 
schools allocated for the deaf. The children with hearing loss as well as the grade 
equivalent matched hearing children were in Grade 3, 4, 5, or 6 at the beginning of 
the study. The reading age matched children were in Grade 1 and 2 at the 
beginning of the study. 
To understand vocabulary development from a comprehensive perspective, 
the actual reading vocabulary development of children with hearing loss was 
compared to the reading vocabulary development of their hearing peers, and to the 
reading vocabulary children are supposed to develop according to generally 
accepted norms. The 'Cito Eindtoets Basisonderwijs' [End of Primary School Test] 
is administered in Grade 6 to determine access to secondary education in the 
Netherlands. Since the Cito-group is an authoritative testing institute, words used 
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in these tests can be seen as a norm for vocabulary knowledge of Dutch children at 
the end of primary school. We used adjectives, nouns, and verbs from the 'Cito 
Eindtoets Basisonderwijs' of 2004, 2005, and 2006 to create a representative word 
list. For the words on this list information was collected on MoA, AoA, imageability, 
familiarity, frequency, morphological family size, length, and word class. 
Our longitudinal study consisted of three phases: In the first phase we 
measured basic literacy skills, in the second phase we followed the reading 
vocabulary of the participants for three years with two reading vocabulary tasks, 
and in the last phase we measured reading comprehension skills. 
Phase 1 took place in the winter of the academic year 2007 - 2008. We 
measured the level of decoding skills of the children and minimal vocabulary 
knowledge. To measure decoding skills we administered the two-syllable version 
of the paper-and-pencil lexical decision task of van Bon (2007) in all children. 
Furthermore, a passive vocabulary task was carried out by all children in special 
education and by all children in Grade 1, 2, and 3 in mainstream education to 
determine minimal vocabulary knowledge. This passive vocabulary task was based 
on the passive vocabulary task from the Taaltoets Alle Kinderen [Language test All 
Children] (Verhoeven & Vermeer, 2001). We selected the first 40 items of this task, 
provided that they were not target words in Phase 2 and presented these items in 
written form together with four pictures. Children were required to circle the 
picture that depicted the written word. The results of these two tasks were used to 
get an insight into the basic literacy level of a child and to appoint the appropriate 
set of reading vocabulary tasks to the children with hearing loss in Phase 2. All 
children without hearing loss in Grade 1 and 2 were appointed an alternative set of 
tasks, and 46 of the initial 131 children with hearing loss in Grade 3 through 6 
were appointed the alternative set of tasks. 
In Phase 1 teachers also had to fill in a questionnaire pertaining to background 
variables of the child. This questionnaire contained questions related to variables 
that are important in the vocabulary development of children with normal hearing 
such as age, additional handicapping condition, and intelligence. Furthermore, 
questions were added regarding factors that have been identified as important in 
children with hearing loss, such as age at onset of hearing loss, age of intervention, 
degree of hearing loss, and the presence and use of hearing aids (Powers, 2003). 
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Next to the child variables, also family variables have been questioned, such as 
hearing status of parents and language used at home. Finally, educational setting 
was taken along. 
In Phase 2 the reading vocabulary knowledge of all children was measured 
over a three-year period (spring of 2008, 2009, and 2010) with both a lexical 
decision task and a use decision task. The lexical decision task assesses whether 
children recognize a string of letters as a real word. The use decision task 
measures whether children recognize (in)correct usage of a word. Each year the 
children received 100 basic words and 80 Filler words in both the lexical and the 
use decision task. The Filler words differed each year. Children who were 
appointed the alternative set of tasks received 100 basic words in a lexical decision 
task and a use decision task, and 80 'easy' words in a lexical decision task and a 
picture task. In the picture task children had to choose on which picture they saw 
the referent of the target word. Words used in the reading vocabulary tasks can be 
found in Appendix A, B, and C. 
In the spring of 2011 the last phase took place, in which a reading 
comprehension task was administered to the children with normal hearing that 
were in Grade 3 in Phase 1 and to all children with hearing loss. 
Outline of the present thesis 
As follows from the introduction above, several studies on the vocabulary 
knowledge of children with hearing loss in comparison to their hearing peers are 
available. However, few studies have been conducted yet that longitudinally follow 
the reading vocabulary development of both children with and without hearing 
loss through primary grades and into secondary education. In the present thesis 
the differences in reading vocabulary knowledge and development between 
children with and without hearing loss are investigated more thoroughly, using a 
longitudinal design. In Chapters 2, 3, and 4, it is investigated how the differences in 
reading vocabulary knowledge between children with and without hearing loss are 
influenced by type of words and type of knowledge that are questioned. In Chapter 
2, the performance of children with hearing loss and children with normal hearing 
are compared on the two tasks, thus trying to discover whether children with and 
without hearing loss are similar in vocabulary size and whether they know words 
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to the same extent. Most of the word properties moderately or highly correlate. 
However, there are statistical techniques that allow analyzing whether there are 
certain shared patterns of word properties. In Chapter 3, a latent cluster analysis is 
carried out to find patterns of word properties and subsequently find clusters of 
words that share the same pattern of word properties. The word clusters - or 
word types - that are thus found are empirically validated by examining whether 
hearing children perform differently on the different word types. In Chapter 4, 
performance on the different word types in both tasks in children with and 
without hearing loss are compared. Hence, it is examined how difficult particular 
types of words are for children with and without hearing loss in terms of word 
properties and whether this depends on the type of task that is administered. This 
chapter describes the reading vocabulary level of children with and without 
hearing loss both separately and in relation to each other, and both in terms of the 
lexical decision and the use decision task and in terms of the word types. 
Chapters 5 and 6 examine reading vocabulary from a developmental 
perspective. To determine whether reading vocabulary develops in similar way 
over time in children with and without hearing loss, Chapter 5 examines how both 
children with normal hearing and children with hearing loss performed on the 100 
basic words in both tasks over time. Furthermore, it is investigated which 
variables predict reading vocabulary knowledge and development in the group of 
children with hearing loss. Chapter 6 relates reading vocabulary knowledge and 
development to reading comprehension by investigating how different levels of 
lexical quality are structured and related to reading comprehension in both 
children with and without hearing loss. The final chapter discusses the insights this 
longitudinal study has given us and the practical implications and possible future 
perspectives that follow from these insights. 
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Depth of Reading Vocabulary in 
Hearing and Hearing-Impaired Children* 
Abstract 
The main point of our study was to examine the reading vocabulary knowledge 
of pupils in Grades 3-6, and in particular the relative reading vocabulary 
disadvantage of hearing-impaired pupils. The achievements of 394 pupils with 
normal hearing and 106 pupils with a hearing impairment were examined on two 
reading vocabulary assessment tasks: a lexical decision task and a use decision 
task. The target words in both tasks represent the reading vocabulary children 
should have at the end of primary school. 
The results showed that most hearing pupils reached this norm, whereas most 
hearing-impaired pupils did not In addition, results showed that hearing-impaired 
pupils not only knew fewer words, but that they also knew them less well. This 
lack of deeper knowledge remained even when matching hearing and hearing-
impaired children on minimal word knowledge. Additionally, comparison of the 
two tasks demonstrated the efficacy of the lexical decision task as a measure of 
lexical semantic knowledge. 
* This chapter was published as: Coppens, K. M., Tellings, Α., Verhoeven, L, & Schreuder, R. 
(2011). Depth of Reading Vocabulary in Hearing and Hearing-Impaired Children. Reading 
and Writing: An Interdisciplinary Journal, 24(4), 463-477. 
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Introduction 
In literate societies it is of great importance to be able to comprehend written 
discourse. Important information is contained in books, manuals, instructions, 
labels, and booklets, and in order to understand this information, vocabulary 
knowledge is of vital importance. It is well known that there is a relationship 
between vocabulary knowledge and reading comprehension (e.g., Aarnoutse & van 
Leeuwe, 2000; Anderson & Freebody, 1981; Beck, Perfetti, & McKeown, 1982; 
Curtis, Collins, Gitomer, & Galser, 1983; Eldredge, 1990; Qian, 2002; Shiotsu & 
Weir, 2007). Significant correlations between vocabulary knowledge and reading 
achievement scores have also been found in hearing-impaired students (LaSasso & 
Davey, 1987; Paul & Gustafson, 1991). 
In general, hearing-impaired children show lower levels of reading 
comprehension than their hearing peers (e.g., Paul, 1998; Traxler, 2000; Wauters, 
van Bon, & Tellings, 2006). More specifically, Wauters et al. (2006) showed that 
hearing-impaired participants between seven to 20 years performed at the reading 
comprehension level of 7-year-old hearing participants, on average. Only 4% of the 
hearing-impaired students in their study were reading at an age-appropriate level. 
The poor vocabulary (in terms of size and/or depth of semantic knowledge) of 
hearing-impaired students may limit their reading comprehension (Garrison, Long, 
& Dowaliby, 1997; Kelly, 1996; Luetke-Stahlman & Corcoran Nielsen, 2003; Paul, 
2003; Wauters, van Bon, Tellings, & van Leeuwe, 2006). Studies have shown that 
both the vocabulary size of hearing-impaired children is smaller (Kelly, 1996; 
Pittman, Lewis, Hoover, & Stelmachowicz, 2005), and their vocabulary knowledge 
is less deep (Kelly, 1996; Paul & Gustafson, 1991; Traxler, 2000). Only a few 
studies examined the qualitative differences in deeper word knowledge more 
thoroughly in hearing-impaired students relative to hearing students. McEvoy, 
Marschark, and Nelson (1999) and Marschark, Convertino, McEvoy, and Masteller 
(2004) examined the structure and application of taxonomie knowledge in deaf 
students. Marschark et al. (2004) focused on superordinate-subordinate relations 
with a single-word association task, and the application of taxonomie knowledge 
was explored in McEvoy et al. (1999), using an analogies task. The responses of the 
deaf students in both studies were compared with responses given by hearing 
students. Their results showed that, in general, the conceptual knowledge of deaf 
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students is less coherent and consistent than the conceptual knowledge of hearing 
students. However, they only used norms of hearing children and did not examine 
the way in which different levels of word knowledge relate to each other in both 
children with and without hearing impairments. 
In the present study we investigated the achievements of hearing and hearing-
impaired children on two reading vocabulary assessment tasks; a traditional 
lexical decision task and a 'use decision task'. A lexical decision task examines 
minimal word knowledge of a reader, namely, whether the reader recognizes a 
certain string of letters as a word of the target language. In order to recognize 
existing word patterns, the reader should have encountered the word before and 
stored it in his or her memory. A use decision task requires some knowledge of 
word meaning, namely, whether the reader recognizes (in)correct use of a word. 
Readers are presented with a target word and four short sentences in which the 
target word is used. They then have to choose in which sentence the target word is 
used best For example, readers are presented with the target word train and the 
sentences: "The train sings", "The train sleeps", "The train goes", and "The train 
lies" and have to choose the sentence "The train goes" as the best answer. 
By contrasting the scores on these two tasks, we aimed to answer two different 
but related questions. First, are the size and depth of word knowledge the same for 
hearing and hearing-impaired pupils? We expected that hearing-impaired children 
were familiar with fewer words and that they knew them less well than hearing 
pupils. On balance, hearing-impaired children encounter fewer words than hearing 
children, because they are relatively deprived of linguistic input, at least with 
respect to spoken language. Second, is the relation between the two tasks similar 
for both groups? We expected that when hearing and hearing-impaired children 
scored similar on the lexical decision task, the hearing-impaired children would 
still score more poorly on the use decision task. Consequently, more often than 
hearing-impaired children, hearing children would make an item correct in the use 
decision task if they recognized the target word in the lexical decision task as an 
existing word. The reduced linguistic input hearing-impaired children receive, not 
only means coming across fewer words, but also coming across these words less 
often. In addition, encountering words frequently, in different contexts, helps to 
get a deeper knowledge of word meaning (Nagy, Herman, & Anderson, 1985). 
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Additionally, by comparing the two tasks we investigated the efficacy of the 
lexical decision task as a measure of lexical semantic knowledge. Balota (1994) 
discussed variables on the whole word level that influence word recognition, such 
as word frequency. Previous studies suggested that lexical-level information is 
used in lexical decision tasks (Balota & Chumbley, 1984). Marcolini, Burani, and 
Colombo (2009) also showed the use of lexical information in lexical decision tasks 
in research with children. These studies indicated that lexical decision is 
influenced by (some level of) word knowledge, and that during a lexical decision 
task also (some) deeper word knowledge is activated, although the task technically 
only requires pattern recognition. The performance on lexical decision was used 
successfully before as a predictor of scores on a vocabulary test (i.e., the 
Vocabulary Levels Test, Nation 1990) by Mochida and Harrington (2006). They 
found that the score on the lexical decision test was a strong predictor of 
performance on the Vocabulary Levels Test (Nation, 1990). 
Presuming that the lexical decision task and the use decision task correlate 
strongly, the lexical decision task may be used as a measure of lexical semantic 
knowledge. The advantage of the lexical decision task is that it is easy to construct. 
The same task, containing target words that are different though similar in lexical 
characteristics, can be administered several times a year, making it possible to 
follow the development of children more closely. 
Read (2000) raised the question about how to choose target words for 
vocabulary testing. The language sample used should reflect the goal of the test, for 
example, to examine a child's general level of vocabulary knowledge or a child's 
level on a certain norm. This study was designed to examine a pupil's reading 
vocabulary knowledge in terms of the expected reading vocabulary of children at 
the end of primary school, thus taking a domain referenced criterion. Perhaps not 
surprisingly, there are no surveys of the expected vocabulary of (hearing) Dutch 
children; except for a list of words 6-year old Dutch and Flemish children should 
preferably know orally (Schaerlaekens, Kohnstamm, & Lejaegere, 1999). 
Therefore, we used words from the Cito Eindtoets Basisonderwijs [Cito End of 
Primary School Test, henceforward Cito test] of 2004, 2005, and 2006 to create a 
word list (www.cito.nl). Cito is an influential Dutch test institute that provides 
several school performance tests for primary and secondary schools. About 90% of 
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the Dutch primary schools use the Cito test in the last grade of primary school, to 
determine which secondary school is suitable for their students. Furthermore, 
most secondary schools use the score on the Cito test as a criterion to place 
children at a certain school level. By using these tests to make a representative 
word list, we have a sample of words that can be viewed as an implicit norm for 
words known at the end of primary school. A detailed description of how the 
representative word list was created can be found in the Methods section. 
In sum, in this study we examined the reading vocabulary knowledge of hearing 
and hearing-impaired children in Grades 3-6 using a lexical decision task and a use 
decision task. By investigating the achievements on these two tasks we gauged the 
differences between levels of word knowledge for our two groups of readers, and 
we examined the utility of the lexical decision task as a measure of lexical semantic 
knowledge. The target words used represent an implicit norm for expected 
(reading) vocabulary knowledge at the end of primary school. 
Method 
Participants 
The participants in this study were children in Grades 3 to 6 from elementary 
schools throughout the Netherlands. In total, 518 children participated in this 
study. Four hundred and twelve children with normal hearing (216 boys and 196 
girls) between the ages of seven and 14 years (Λί = 10 years, 3 months, SD = 1 year, 
1 month) participated and 106 students with hearing impairment (55 boys and 51 
girls) between the ages of eight and 13 years (M = 10 years, 7 months, SD = 1 year, 
1 month). 
Of the hearing children, 122 were in Grade 3,199 in Grade 4, 58 in Grade 5, and 
33 in Grade 6. For the hearing-impaired children reporting the distribution is not 
as clear-cut since most children are in combined classes and move up according to 
both age and achievements. About 58 children were in Grade 3/4 and 48 in Grade 
5/6. Thus, the hearing-impaired are not only significantly older (t [159] = -3.37, ρ < 
.01) they also had more years of formal instruction. 
Teachers supplied demographic data for the children pertaining to date of 
birth, gender, and IQ. If there were no official data on IQ, teachers were asked to 
rate the IQ of children on a 5-point scale, with three being average (100). The 
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children in this study had no additional disabilities except for corrected vision, and 
they all had an IQ of at least 80. Children with a 1-rating were removed from the 
sample. All hearing-impaired children had at least an 80-decibel hearing 
impairment in the better unaided ear and 60 children had a cochlear implant Of 
the 106 children with hearing-impairments, 25 were in mainstream settings and 
81 were in special education schools. The hearing children in the sample are all 
classmates of the hearing-impaired children in mainstream settings. In the 
Netherlands, the tuition in special education for hearing-impaired children is 
bilingual by law. Furthermore, the language used at home for the children in 
mainstream settings was mainly a spoken language (14 used spoken Dutch and 
two another spoken language) or a combination of spoken Dutch and Sign (either 
Sign Supported Dutch or Sign Language of the Netherlands). Of the children in 
special education 13 used mainly a spoken language, 41 children used a 
combination of a spoken language and Sign (either Sign supported Dutch or Dutch 
Sign Language) and 22 children used mainly Sign Supported Dutch, Sign Language 
of the Netherlands, or a combination of both. Of five children the language used at 
home was not known. 
Materials 
Target words. As noted above, the study was designed to investigate reading 
vocabulary knowledge in terms of the expected vocabulary of children at the end 
of primary school. Therefore, we used words from the Cito test to create a 
representative word list. 
We collected the texts of the Cito tests of 2004, 2005, and 2006 and created three 
databases (one for each year) containing the text in ASCII-format. These three 
databases were analyzed by Amazon/Casus (Coppen, 1995), a computer system 
for automatic parsing of the Dutch language. With the Amazon program the three 
databases were syntactically analyzed and the output consisted of three lists with 
word tokens and their syntactic category. About 41,000 tokens have been analyzed 
(+/- 5,300 types) to create a word list with 3,533 lemmas (nouns, verbs, and 
adjectives). After this, a representative word list was created with 703 words that 
occurred in two or more years (in total 1,031 lemmas occurred in more than one 
test). For this study, 100 lemmas on the representative word list were randomly 
selected as target words. 
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Lexical decision. There are various formats of lexical decision tasks, such as 
the Yes/No task (e.g., Beeckmans, Eyckmans, Janssens, Dufranne, & van de Velde, 
2001; Mochida & Harrington, 2006), the go/no-go task (e.g., Perea, Rosa, & Gomez, 
2002) and the paper-and-pencil lexical decision task (e.g., Gijsel, van Bon, & 
Bosman, 2004). In all these tasks children are presented with a string of letters 
that form either a word or a pseudo word, and they have to decide whether it is a 
word or not. 
In this study we used a paper-and-pencil lexical decision task. For each of the 
target words a phonological and orthographical legal (Dutch) pseudo word was 
created. Participants knew that the test contained pseudo words, but they did not 
know how many. The pseudo words were created by comparing the target words 
with words in CELEX (Baayen, Piepenbroek, & van Rijn, 1993). We selected 
alternative words that were similar to the target words regarding CVC-structure 
and word class, and if possible regarding length and frequency of occurrence. This 
was done to ensure that variation in structure, possible word class, length, and 
frequency of the pseudo words approximately mirrored that of the target words. 
Target words could never be selected as an alternative for another target word. 
Thus selected, the alternative words were altered by one or two letters to create 
the accompanying pseudo word, while still maintaining phonetic and orthographic 
constraints of the Dutch language. 
Use decision. The second task, the use decision task, was designed to measure 
whether the child recognized (in)correct uses of a target word. The task contained 
the same target words as the lexical decision task. Each target word was given 
together with four short sentences including the target word. At the beginning of 
each sentence stood the letter A, B, C, or D. Children had to choose in which 
sentence the target word was used best 
Research has shown that children with a large vocabulary benefit more from 
context (Curtis et al., 1983; Shore & Kempe, 1999). Not only do they know more 
words in the sentence, if they come across an unknown word they also have more 
knowledge to derive its meaning. To control for the possibility that children with a 
large vocabulary might have a benefit in the use decision task, we constructed the 
sentences using simple words presumably known by all children participating. 
Therefore, we selected words that scored high on the Streeflijst Woordenschat 
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[Target list vocabulary for six-year-olds] (Schaerlaekens et al., 1999), meaning that 
most primary grade teachers expected 6-year olds to know these words. 
Consequently, both children with large vocabulary and children with poor 
vocabulary would benefit from the context equally. Only a limited amount of non-
target words were used to construct the 400 sentences (i.e., four sentences for 
each word), since the same words could be used for different target words (for 
example sleep as a distracter for the target words train and patient in the 
sentences: "The train sleeps" and "The patient sleeps"). 
Given that it was our objective to assess whether children knew the target word 
and not whether they knew the surrounding words or understood the grammar, all 
sentences were written in the active voice, present tense, and kept as short as 
possible. The incorrect alternatives were syntactically and morphologically correct 
but semantically incorrect, for example: "The train sings", "The train sleeps", and 
"The train lies". The vivid imagination of children, stimulated by sentences such as 
"The train sleeps" in children's story books, was taken into account while 
constructing the alternatives. The risk that children take such sentences as the 
right alternative was minimized by asking children to choose the sentence in 
which the target word was used 'best'. Moreover, it might be expected that 
children in Grade 3 and higher, also hearing-impaired children, know that "the 
train sleeps" happens in stories, but not in reality. 
Procedure 
In this study we investigated the word knowledge of children on 100 target 
words using two different tasks. Since this study is part of a larger experiment, the 
100 target words of our study were presented at the same time as 80 other target 
words that were selected similarly (the same holds for the construction of the 
pseudo words). 
The experiment was divided over three testing sessions to reduce the work-
load. Each session consisted of a lexical decision task and a use decision task. To 
administer the lexical decision task, the 180 target words and 180 pseudo words 
were divided over three word lists; one for each session. Each list consisted of 60 
target words and 60 pseudo words. Importantly, the 100 target words of our study 
were semi-randomly divided over the word lists, in order that the words were 
distributed equally over the three lists. After finishing the word list, the 
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participants went along with a use decision task. This task contained the same 
target words as the preceding word list, though in a different order. The three 
sessions were spread over two or more daily periods. To control for order effects, 
there were four versions that were randomly divided over the classes. The tasks 
were administered in class by the author. 
As noted above, each session started with a lexical decision task. The 
instruction was given in the modality preferred by the children (Sign Language of 
the Netherlands or spoken Dutch). Children were asked to read the letter strings 
on the word list column by column and cross out the pseudo words.1 At the front of 
the first word list an example was given. Children had to cross out the pseudo 
words in the example themselves (as opposed to only the test leader), to make 
sure that they understood the intention of the task. 
After finishing the lexical decision task, children received the instruction for the 
use decision task. In this task, the target word and four short sentences in which 
the target word was used were projected on a screen. After the item had 
disappeared, the screen turned black for a few seconds, and then the next item 
appeared. This procedure was applied to make sure that all children would finish 
the task in a reasonable time, and judged all items. 
Children were instructed to read the target word and the four sentences, and to 
choose in which sentence the target word was used best. If they believed that there 
were two sentences in which the word was used correctly, they were instructed to 
choose the best answer. Participants were also instructed to guess an answer if 
they did not know the right answer. Children had to mark their answer on an 
answering sheeL To make sure that the child understood the intention of the task, 
the children made two examples at the beginning of the first use decision task and 
the instructor discussed the answers of these examples with the children. 
1
 Children were not informed about the word-pseudo word ratio, because this would be like 
giving children a percentage of words they (should) know To be able to discern existing 
words from pseudo words, children have to discriminate between letter strings they have 
encountered and stored, and letter strings they have never encountered and/or stored So, 
actually, we ask children to cross out the words they do not know Informing the children 
about the word-pseudo word ratio will force them to make guesses Moreover, information 
about the ratio is usually not given in lexical decision tasks 
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During the second and third session a shortened version of the instructions was 
given, highlighting only the main points. 
Results 
Correction for Chance 
Before correcting for chance, scores were corrected for items that were omitted 
by children due to illness or such. The correction formula assumed that children 
would make the same amount of mistakes on the items they missed out on as on 
the items they did make. Next, we used the correction index of Huibregtse, 
Admiraal, & Meara (2002) to correct the scores on the lexical decision task for 
guessing as well as for individual's response style. This index is based on the signal 
detection theory (SDT): /.wr= 1 - (4Λ [1 -ƒ] - 2[h - f\ {1+ h -/?/(4/i [1 -f\ - [h - f] 
{1 + h -/}), in which h is the hit rate and ƒ is the false alarm rate. A hit is correctly 
recognizing a word as an existing and not crossing it out. A false alarm is 
incorrectly recognizing a pseudo word as an existing word and not crossing it out 
Huibregtse et al. (2002) also defined a hit as correctly identifying a word as an 
existing word. However, they assumed that learners are presented visually with 
one word and are asked to indicate whether or not they know the meaning of the 
word and to answer with 'yes' or no'. However, in this study all items were 
presented at the same time on a paper and children were asked to cross out 
pseudo words, since this is more natural than crossing out an existing word. 
To be able to compare the scores of the hearing and hearing-impaired children 
on the use decision task, we matched hearing and hearing-impaired children on 
their scores on the lexical decision task (t < 1). The matched sample consisted of a 
group of 32 children with normal hearing and a group of 32 children with a 
hearing impairment 
Hit rates and false alarm rates of both the unmatched and matched groups of 
hearing and hearing-impaired children can be found in Table 2.1. Index-scores 
were multiplied by one hundred to facilitate the comparison of these scores to the 
scores on the use decision task. 
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Table 2.1. Hit rates 
Mitrate 
False alarm rate 
and false alarm rates for the two groups 
Unmatched groups 
Hearing 
{n = 394) 
.89 (.09) 
.04 (.03) 
Hearing-impaired 
(n = 106) 
.72 (.21) 
.19 (.20) 
Matched Groups 
Hearing 
(n = 32) 
.89 (.08) 
.04 (.02) 
Hearing-impaired 
(n = 32) 
.89 (.08) 
.04 (.02) 
We used the correction for blind guessing (cfbg) to correct the scores on the 
use decision task. This formula is widely used in the field of language testing, for 
multiple choice items (Beeckmans et al., 2001). In the cfbg the participant has a 
chance of 1/k to give the correct answer, k being the total number of alternatives. 
For the use decision task k was 4. 
Data reduction 
Children that had a score on one of the tasks that was at a greater distance from 
the median than 1.5 times the IRQ were removed from the sample. As a 
consequence 18 hearing children were removed from the data set and none of the 
hearing-impaired children. 
Analyses 
The first research question of this study concerned the comparison of the group 
of children with normal hearing and the group of children with a hearing-
impairment on the two reading vocabulary tasks to gauge differences in size and 
depth of reading vocabulary knowledge. The means and standard deviations of the 
corrected scores of the two groups of children on the two tasks can be found in 
Table 2.2. T-tests showed that hearing children did significantly better on the 
lexical decision task than hearing-impaired children: t (111.22) = 11.72, ρ < .01 
(two-tailed), and that they also performed significantly better on the use decision 
task: t (106.42) = 13.78, ρ < .01 (two-tailed). 
The second aim was to examine the relation between the two tasks for both 
groups. First, we examined whether the relation between the two tasks differed for 
hearing-impaired and hearing children. Therefore, the scores of the matched 
groups on the use decision task were analyzed. A two-sided t-test showed that the 
scores of the matched hearing and hearing-impaired children on the use decision 
task differed significantly, t (42) = 3.24, ρ < .01. The means showed that the 
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hearing children still scored higher on the use decision task than the hearing-
impaired children even after matching the two groups on basic word knowledge. 
Table 2.2. Corrected mean scores on the two tasks for the two groups 
Hearing 
(n = 394) 
85.7 (8.5) 
92.1 (4.9) 
Unmatched 
Hearing-impaired Hearing 
(n = 106) (n = 32) 
Lexical Decision Task 
55.9 (25.8) 86.1 (8.5) 
Use Decision Task 
50.6 (30.8) 92.6 (4.9) 
Matched 
Hearing-impaired 
(n = 32) 
86.1 (8.5) 
85.3(11.7) 
Next, we examined whether hearing children, more often than hearing-impaired 
children, made an item correct in the use decision task if they recognized the target 
word in the lexical decision task. For each child we computed in what percentage 
of the cases that the child recognized a target word in the lexical decision task, he 
or she also recognized the correct use ofthat target word in the use decision task. 
For example, a child that recognized 93 target words in the lexical decision task 
and scored 64 of these 93 target words correct in the use decision task, received a 
percentage score of 67.4%. Results showed that in 94.5% of the cases that a 
hearing child recognized an item in the lexical decision task, it also scored the item 
correct in the use decision task, whereas this percentage was only 66.4% for the 
hearing-impaired children. A t-test showed that this difference was significant, t 
(107) = 13.77, ρ < .01 (two-tailed). Similar results were found if we examined this 
difference in the group of children that were matched on their scores on the lexical 
decision task: t (42) = 3.24, ρ < .01 (two-tailed). In 95.0% of the cases that a 
hearing child recognized an item in the lexical decision task, it also scored the item 
correct in the use decision task, whereas this percentage was 89.8% for the 
hearing-impaired children. 
Finally, the study was designed to investigate the efficacy of the lexical decision 
task as a measure of semantic knowledge. The results showed that achievements of 
the children on both tasks were strongly correlated with each other: r = .89, ρ < .01. 
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The correlation in the group of hearing children was r = .45, ρ < .01 and in the 
group of hearing-impaired children even r= .90, ρ < 01. 
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Figure 2 1 Distribution of the corrected scores on both tasks for both groups 
If we picture the relation in a scatter plot, as in Figure 2.1, two matters stand 
out First, it can be observed that there is a large variation in scores within the 
hearing-impaired children. Some hearing-impaired children did as well as hearing 
children, whereas others achieved even below chance level. Second, it can be 
observed that almost all hearing children obtained a score of more than 85% on 
the use decision task. This supposed ceiling effect in the group of hearing children 
probably reduced the range in scores to such an extent that it was difficult to find a 
correlation. Nonetheless, a One-way ANOVA showed that the mean scores of the 
grades differed significantly for hearing children [F [3, 393] = 13.96, ρ < .01) In 
Grade 3 [n = 112) the mean score was M = 89.87 (SD = 5 34), whereas this was 
higher in the other grades. Grade 4 [n = 194, M = 92.51, SD =4.37), Grade 5 (π = 57, 
M = 93.41, SD = 4.58), and Grade 6 (η = 31, M = 94.72, SD = 3.87). Thus, the higher 
the grade, the better the score was. 
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Discussion 
The purpose of our study was to examine the reading vocabulary knowledge of 
children with normal hearing and of children with a hearing impairment. 
Therefore, we administered a lexical decision task to assess minimal word 
knowledge and a use decision task to assess a deeper form of word knowledge. Our 
first aim was to ascertain whether hearing and hearing-impaired pupils knew the 
same amount of words and whether they knew these words to the same extent In 
accordance with previous studies, our results showed that the hearing-impaired 
children both recognized fewer words than the hearing children in the lexical 
decision task, and recognized the (in)correct use of the target words less often in 
the use decision task. 
Secondly, we wanted to investigate the relation between the two tasks in the 
two groups. Even if children recognize a pattern as an existing word in the lexical 
decision task, the question remains whether they also have lexical semantic 
knowledge of the word and can recognize its correct use. Our results showed that 
when hearing children and hearing-impaired children had a similar amount of 
minimal word knowledge, hearing-impaired children still scored more poorly on 
the use decision task. At the level of the individual words we found a similar 
difference. The chance that a child that recognized a word in the lexical decision 
task, would also recognize the correct use of this word in the use decision task, was 
greater for hearing children than for hearing-impaired children. This finding was 
robust when matching children with and without a hearing impairment on their 
scores on the lexical decision task. These results suggest that hearing-impaired 
children not only have smaller vocabularies, but that they also differ from hearing 
children with respect to the depth of their word knowledge. 
These findings are similar to the results of McEvoy et al. (1999) and Marschark 
et al. (2004): There remained a qualitative difference in word knowledge between 
hearing-impaired and hearing children even when their minimal word knowledge 
was similar. A lack of linguistic input can account for these findings, reinforced by a 
Matthew effect (cf. Stanovich, 1986). Children with a hearing impairment do not 
only come across fewer words, they also come across these words less often. 
Moreover, hearing-impaired children probably also read less and are exposed to 
less written language than their hearing peers due to their inadequate 
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vocabularies, and as a result they develop their (reading) vocabulary knowledge 
more slowly. Through frequent encounters with a word in differing contexts, 
children deepen their vocabulary knowledge, by learning the features and 
concepts related to the word, how to use it, and the multiple meanings of the word. 
Although minimal word knowledge is a necessary condition for deeper word 
knowledge, it is not sufficient. Recognizing a word pattern and knowing the 
individual meaning of a word is a necessary start, but to comprehend discourse, 
the entire knowledge framework surrounding the word is essential (Paul, 1996). A 
practical implication of this is that vocabulary instruction should focus on 
integrating a word in a child's semantic network. Teachers may start with 
pronouncing and signing words and teaching the common meanings of words (and 
the focus should be on this for those children that score low on the lexical decision 
task, since they do not even recognize most word patterns). However, 
subsequently the instruction should move away from definition approaches, and 
focus on relating the word to knowledge a child already has, and encountering and 
using the word many times in many differing contexts (Paul & Gustafson, 1991). 
A final aim of our study was to investigate the efficacy of the lexical decision 
task as a measure of semantic knowledge; we did this by comparing the scores in 
the two tasks. The results showed that the scores on the two tasks were strongly 
related for both hearing and hearing-impaired children: Children who scored at a 
high level on the lexical decision task also scored at a high level on the use decision 
task. Therefore, the lexical decision task can be used to obtain a general measure of 
(reading) vocabulary knowledge and to predict the score on a task that measures a 
deeper form of word knowledge. This is consistent with the finding of Mochida and 
Harrington (2006) that the performance of hearing students on the Yes/No test, 
another format of the lexical decision task, was a strong predictor of performance 
on the Vocabulary Levels Test (in this task children have to match target words to 
the correct definitions). 
However, the variation in the hearing-impaired children was much larger than 
in the group of hearing children. This explains why the correlation between the 
two tasks was much stronger for children with a hearing impairment The lexical 
decision task provided sufficient information to differentiate between hearing-
impaired children, and it was a good predictor of deeper word knowledge in this 
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group. Thus, lexical decision not only can be used as a first screening device in this 
group, but may even be sufficient as a measure of reading vocabulary. 
The results showed that almost all hearing children scored more than 85% of 
the items correct on the use decision task, making it much more difficult to 
differentiate hearing children on minimal and deeper word knowledge with these 
two tasks. Nonetheless, the mean scores of the grades differ significantly and the 
higher the grade, the better the score. Our results showed that the children in 
Grade 6 with normal hearing knew practically all target words. Knowledge of these 
target words is indispensable to comprehend the questions in the Cito test. Thus, 
hearing children most probably will not score at a low level on the Cito tests due to 
a lack of knowledge of the words used. However, many hearing-impaired children 
did not even have minimal knowledge of the target words, therefore, the Cito test 
cannot measure the general knowledge of hearing-impaired children; instead, it 
rather will reflect their (lack of) vocabulary knowledge. 
There are great individual differences in the group of hearing-impaired pupils. 
It is important that future research tries to uncover what causes this large 
variation and which key features can predict whether and to what extent hearing-
impaired children know the meaning of the words used in tests such as the Cito 
tests. As Prezbindowski and Lederberg (2003) indicated, an important issue might 
be the large variation in language input in hearing-impaired children and the fact 
that many children are exposed to more than one language, usually a sign language 
and a spoken language. A consequence of this might be that some low achieving 
children do have deep lexical semantic knowledge of a concept, but maybe only in 
sign language and not in written language. It should be examined how the variation 
in language input is related to differences in implicit metalinguistic knowledge and 
in syntactic knowledge. Perhaps low scores on the use decision task are explained 
by these differences: Some sentences could be grammatically correct in Sign 
Language of the Netherlands, but not in written Dutch, and do therefore lead to 
typical 'deaf-mistakes'. 
In sum, our results indicated that hearing-impaired children not only have 
problems due to the fact that they know fewer words, but also because they have 
less in-depth knowledge of words. In order to examine this difference in depth of 
knowledge, hearing and hearing-impaired children should be matched on minimal 
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knowledge. Moreover, both the lexical decision task and the use decision task can 
be used to assess reading vocabulary knowledge of children with normal hearing 
and with hearing impairment. The lexical decision task even appears to be a good 
indicator for deeper vocabulary knowledge in hearing-impaired children. 
33 

Chapter 3 
Clusters of Word Properties as Predictors of 
Elementary School Children's Performance on Two Word Tasks* 
Abstract 
Often, the classification of words does not go beyond 'difficult' (i.e., infrequent, 
late-learned, non-imageable etc.) or 'easy' (i.e., frequent, early-learned, imageable 
etc.) words. In the present study, we used a latent cluster analysis to divide 703 
Dutch words with scores for eight word properties into seven clusters of words. 
Each cluster represents a group of words that share a particular configuration of 
word properties. This model was empirically validated with three data sets from 
Grade 2-4 children who made either a lexical decision task or a use decision task 
with a selection of the words. Significant differences were found between the 
clusters of words within the three data sets. Implications for further study and for 
practice are discussed. 
*This chapter is an article in press: Tellings, Α., Coppens, K. M., Gehssen, J., & Schreuder, R. 
(in press). Clusters of Word Properties as Predictors of Elementary School Children's 
Performance on Two Word Tasks. Applied Psychohnguistics. 
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Introduction 
Vocabulary size and word knowledge are the most important predictors of 
reading comprehension (e.g., Aarnoutse & van Leeuwe, 2000; Eldredge, 1990; 
Shiotsu & Weir, 2007). Therefore, children should acquire enough words and, of 
those words, sufficient knowledge. Many studies show that long words, low-
frequency words, words with few derivatives, words that are acquired late, words 
that are acquired via language (rather than via experience), low familiar words, 
and low imageable words are processed more slowly and are less often accepted as 
words in the target language, in tasks in which participants are asked to 
distinguish between words and pseudo words (e.g., Brysbaert, 1996; Cortese & 
Fugett, 2004; de Jong, Schreuder, & Baayen, 2000; Gerhand & Barry, 1998; 
Ghyselinck, de Moor, & Brysbaert, 2000; Wauters, Tellings, & van Bon, 2008). Thus, 
it seems that words with these properties are '(more) difficult'. 
Some of the word properties discussed above are highly intercorrelated, which 
reduces the individual predictive power of each single property. Principal 
component analysis or factor analysis can partly solve this problem (e.g., Baayen, 
Feldman, & Schreuder, 2006). These multivariate techniques concentrate on the 
homogeneity or classification of variables that measure the same underlying 
dimension. Such methods yield scores of individual words on these underlying 
dimensions, and enable the researcher to assess scores of particular words on a 
particular dimension as relatively high or low. Furthermore, they allow the factor 
or component scores to be related to external variables. 
Studies also commonly apply regression analysis, structural equation modeling, 
or other predictive techniques to investigate whether either single word 
properties or a set of a few highly correlated word properties predict performance 
on word tasks. However, words are complex wholes, and presumably the 
combination of word properties influences performance on word tasks. Most 
probably, some word properties interact with each other in particular words 
whereas others do not or to a lesser degree. Although linear modeling techniques 
allow for the inclusion of higher-order interaction effects between predictor 
variables, interpreting interactions between more than three predictors may 
quickly become rather cumbersome. However, as not all word properties correlate 
highly, finding out how particular combinations of word properties predict 
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performance on word tasks would necessitate the inclusion of many interaction 
terms. For instance, words with many derivatives mostly will be relatively short 
(long words as stem of a derivative make pronunciation more difficult) and will be 
frequent (words with many derivatives are sociolinguistically important), so these 
word properties are correlated as discussed above. However, words with many 
derivatives not necessarily are very imageable or unimageable, and they not 
necessarily are learned via language or via experience. So within the group of 
short, frequent words with many derivatives there will be both highly imageable 
and lowly imageable words, and there will be words that are learned more via 
experience and words that are learned more via language. The shortness and high 
frequency of words with many derivatives would predict high performance on 
word tasks with such words, but their variability in imageability and in mode of 
acquisition might predict performance in different ways. 
To study such interplays of word properties in more detail, one objective of the 
present study is to explore whether we can identify groups or clusters of words 
that share particular configurations of word properties other than those already 
well-known in the literature: The long, infrequent, late-learned, unfamiliar et 
cetera - 'difficult' - words versus the short, frequent, early-learned, familiar et 
cetera - 'easy' - words. Another objective is to investigate whether such word 
clusters predict performance on word tasks. Children's vocabulary development 
can be investigated in more detail if more than just two patterns of word 
properties can be determined. To address these research objectives, we performed 
an exploratory Latent Class Cluster analysis on 703 words with eight word 
properties. The Latent Class Cluster model identifies clusters of words that share 
similar configurations of properties. In contrast to traditional clustering 
approaches, Latent Class Cluster analysis is model based, which allows the 
researcher to choose among a range of models using statistical model fit indices. 
The 703 words come from widely used (in the Netherlands), standardized tests for 
the end of elementary school and can be viewed as a norm for the word knowledge 
that children should have at the end of elementary school. Next, in order to 
empirically verify the findings in the cluster analysis, we investigated whether the 
clustering of words derived from a statistically best fitting model (i.e., from a range 
of models) predicts performance of three different groups of elementary school 
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children, on two different word tasks, with two different samples of words from 
the larger sample of 703 words. Data were taken from three earlier studies. 
The two word tasks used in the three studies are a lexical decision task and a 
use decision task. In a lexical decision task, participants have to distinguish words 
from pseudo words. The pseudo words in such tasks are orthographically and 
phonotactically legal letter strings that do not exist as words in the language in 
question (for an explanation of lexical decision tasks see Harley, 2001). Lexical 
decision tasks mostly are performed under time pressure, but not always (see 
Perea, Rosa, & Gomez, 2002, for a discussion on disadvantages of using time 
pressure in lexical decision tasks). Lexical decision tasks can be performed both in 
written form and orally. In a use decision task participants have to choose from 
four very short sentences, each containing the same target word, the sentence in 
which the target word is used semanticaily correct (see Chapter 2). This task taps 
information about deeper knowledge of words than is minimally required for 
lexical decision: The task shows whether a participant can recognize at least some 
incorrect semantic usages of the target word in a sentence. 
We first discuss the sampling of scores on the eight word properties and the 
cluster analysis (Experiment 1). Next, we discuss our analysis of the children's data 
(Experiment 2). We end this chapter with a general discussion. 
Experiment 1 
As discussed above, factor analysis methods, which have predominantly been 
applied in previous studies, focus on classification and reduction of variables into 
(latent) dimensions or scales, which then allows positioning each word on the 
latent (continuous) dimension. In contrast, a latent cluster analysis of words, 
which is applied in the current research, distinguishes groups of words with 
maximal internal homogeneity and maximal external heterogeneity of word 
properties. In particular, it seeks to identify latent subgroups (clusters) of words 
within a sample, each with particular configurations of word properties rather 
than the detection of common, underlying dimensions on which words may be 
located - the latter which is the strength of factor analysis methods. 
Obviously, both methods yield different information about the data: Factor 
analysis examines the latent structure of variables, whereas Latent Class Analysis 
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examines the latent structure of cases. Therefore, given the objectives of the 
current study - explore whether a sample of words may contain underlying 
clusters of words, the members of which will demonstrate different patterns of 
word properties, and whether such clusters have predictive value for children's' 
performance - we opted for a Latent Class Cluster Analysis. Performed on a 
sufficiently large set of words with scores for relevant properties, a Latent Class 
Cluster Analysis may display possible, immanent patterns of distributions of 
properties, which differ from, or rather complement, previous findings based on 
simple correlational or factor analysis methods. 
In order to perform such a cluster analysis, we collected data on Word Class, 
Length, Frequency, Family Size, Age of Acquisition, Mode of Acquisition, 
Familiarity, and Imageability for 703 words. Word Class here is limited to content 
words: nouns, verbs and adjectives. Length is simply the number of letters of a 
word. Frequency is the number of times a word occurs in a large and 
representative sample of (adult) written language. For the Dutch language, the 
CELEX database contains Frequency data (Baayen, Piepenbroek, & Gulikers, 1995). 
Family Size refers to the number of words that, in a given language, occur with that 
word as stem. For instance, to the word family of 'work' belong 'homework', 
'workable', et cetera (e.g., Schreuder & Baayen, 1997). Age of Acquisition refers to 
the age at which a child acquires a particular word (e.g.. Catling & Johnston, 2005). 
Mode of Acquisition refers to the type of information a child uses when acquiring 
the meaning of a word, namely, perceptual information, linguistic information, or 
some combination of these. Children acquire, for instance, the meaning of color 
names mainly by perceptual information labeled with language - when people 
around them say things like That's a nice red sweater! In contrast, children learn 
the meaning of more abstract words like multiply mainly by linguistic information. 
They infer the meaning of the word from purely linguistic contexts, for instance 
when the teacher says We multiply 3 and 5 by taking three times 5 (e.g., Wauters, 
Tellings, van Bon, & van Haaften, 2003). The other two word properties we 
collected data on are Familiarity and Imageability. Familiarity refers to how 
familiar a word is for an average language user (e.g., Carlisle & Katz, 2006), 
Imageability refers to how easy a language user can form a mental picture of the 
referent of a word (e.g., Cortese & Fugett, 2004). 
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The data on Word Class, Length, Frequency, and Family Size were collected 
using relevant computer programs and data bases. Age of Acquisition, Mode of 
Acquisition, Familiarity, and Imageability in numerous previous studies have been 
measured reliably by asking adults to rate words on seven-point scales for these 
properties. The ratings have turned out to predict performance on language tasks 
both in adults and in children (e.g. Bird, Franklin, & Howard, 2001; Cortese & 
Fugett, 2004; Suprenant & Hura, 1999; Wauters et al., 2008). Also in the present 
study, data on Age of Acquisition, Mode of Acquisition, Familiarity and Imageability 
were collected via adult ratings. We investigated the reliability of the ratings and 
the distributions of scores on these word properties. Next, we carried out a cluster 
analysis on the words with the eight word properties, using the LatentGOLD 
software (Vermunt & Magidson, 2000), a program for model based statistical 
cluster analysis. 
Method Experiment 1 
Materials 
The target words for this experiment have been selected from three 
standardized tests, namely, the Cito Test for the End of Elementary School of 2004, 
2005, and 2006 (www.cito.nl). Almost all Dutch sixth grade children take this 
annual test. The national mean and the number of children with a 100% score are 
published in the Dutch newspapers every year. Most secondary schools use these 
scores as an admission criterion. Each test consists of a set of language tasks, 
mathematics tasks, and tasks that measure 'study skills'. These latter tasks require 
students, for instance, to read diagrams and geographical charts or to arrange 
words in alphabetical order. These tests are developed by Cito's own specialists on 
teaching and learning, together with a number of elementary school teachers 
(www.cito.nl). 
With the help of a parsing program developed by Coppen (1994) we selected 
the different nouns, verbs, and adjectives in these tests. Subsequently, a sample of 
nouns, verbs, and adjectives that occurred more than once in these tests and that 
occurred in tests of more than one year (e.g., both in 2004 and 2006) were selected 
(N=703; 367 nouns, 209 verbs, and 127 adjectives). For the rating task, the 703 
words with their scales (see below) were listed in four different random orders, 
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and printed in the form of booklets. The pages of each booklet were randomized 
before stapling them, so that there was maximum variation in the order of words 
for the participants. 
Participants 
One hundred and fifty adults (98 women, 52 men) participated in the rating 
experiment All were students at the university level or at the higher vocational 
training level, most of them in Special Education. Each participant rated only one 
word property; 37 participants rated the words for Age of Acquisition, 37 for Mode 
of Acquisition, 38 for Familiarity and another 38 for Imageability. Participants 
filled in the lists at home. They were not paid for the job. 
Procedure 
The properties Age of Acquisition (AoA), Mode of Acquisition (MoA), 
Familiarity (FAM) and Imageability (IMA) were measured with a paper-and-pencil 
task in which adults were asked to rate the words on seven-point scales. For Age of 
Acquisition, the scale contained the ages 0-2, 2-4, 4-6, 6-8, 8-10, 10-12 and 13 up. 
Participants were asked to indicate at what age they thought each word was 
acquired by an 'average' child. For Mode of Acquisition, the 1 on the scale referred 
to 'acquired entirely by perceptual information', the 7 stood for 'acquired entirely 
by linguistic information', whereas the 2 to 6 in between ranged from 'more by 
perceptual than by linguistic information' to 'more by linguistic than by perceptual 
information'. Participants were asked to indicate how they thought an average 
child would acquire the meaning of a given word. For Familiarity, the scale ranged 
from 1, meaning 'very unfamiliar' to 7, 'very familiar'. Participants were asked to 
indicate how familiar the word was to the average adult Dutch person. For 
Imageability, the scale ranged from 1, 'hardly imageable' to 7, 'very imageable'. 
Participants were asked to indicate how imageable the word was for them, that is, 
how easy they could form a mental picture of the referent of the word. 
Analyses Experiment 1 
For each word, the mean of the ratings of the participants was calculated for 
Age of Acquisition, Familiarity, Imageability, and Mode of Acquisition, respectively, 
and thus each word obtained an average score between 1 and 7 for each of these 
four measures. The reliabilities of the ratings (Cronbach's Alpha) were .99 for Age 
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of Acquisition, Familiarity and Imageability, and .98 for Mode of Acquisition. This 
indicates that the measurements were reliable. The mean scores for the four word 
properties were all approximately normally distributed (Age of Acquisition: M = 
3.62, SD = 1.11; Mode of Acquisition: M = 4.01, SD =1.2; Familiarity: M = 5.7, SD = 
0.7; Imageability: M = 5.12, SD = 1.07). The distributions for Familiarity and 
Imageability were somewhat skewed, in that there were relatively more words 
that were very familiar and very imageable. This is probably caused by the fact that 
we asked adults how familiar and imageable the words were to them, while these 
words were derived from tests for children. However, we had to measure 
Familiarity and Imageability in this way in order to attune to previous research in 
which Familiarity and Imageability were rated like this (see above). 
Latent Class Cluster Analysis 
In contrast to traditional Cluster analysis approaches, the Latent Class Cluster 
approach is model-based, which means that a statistical model is postulated for the 
population from which the sample under study is taken (Vermunt & Magidson, 
2000). This has the advantage that several statistical criteria to test the validity of a 
model are available, which helps in determining the optimal number of clusters. 
Because we had no a priori expectations about the number of word clusters that 
could be distinguished on the basis of the eight word properties, we conducted an 
exploratory Latent Class Cluster Analysis. In particular, we estimated eight 
different models, ranging from a 1-class model in which it is assumed that only a 
single word cluster can be discerned, up to an 8-cluster model. 
To test the stability of the results obtained we performed a so-called "loose" 
cross-validation analysis (MacCallum, Roznowski, Mar, & Reith, 1994). This entails 
randomly splitting the original sample of 703 words into two subsamples of about 
the same size. The first subsample (351 words) was used as an exploration sample 
to identify the latent class model with the best fit The second subsample was used 
as a confirmation sample to validate the model obtained from the exploration 
sample. This validation strategy implies finding a final model in which the 
conditional likelihood and the likelihood for the latent classes are equal for both 
subsamples (Varela Mallou, Rial Boubeta, Brana Tobio, & Voces Lopez, 2008). 
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Table 3.1. Model Fit Statistics ι 
and Confirmation Sample 
of Latent Class Cluster Models estimated for 
BIC(LL) CAICCLL) 
Exploration Sample 
No. of 
Parameters 
Exploration Sample 
Modell 
ModelZ 
Model3 
Model4 
ModelS 
Modeló 
Model? 
Model8 
1-Cluster 
2-Cluster 
3-Cluster 
4-Cluster 
5-Cluster 
6-Cluster 
7-Cluster 
8-Cluster 
9162.9 
7855.8 
7456.0 
7299.0 
7222.6 
7167.7 
7111.3 
7120.9 
9177.9 
7886.8 
7503.0 
7362.4 
7301.6 
7262.7 
7222.3 
7247.9 
15 
31 
47 
63 
79 
95 
111 
127 
Confirmation sample 
Modell 
ModelZ 
Model3 
Model4 
ModelS 
Modeló 
Model? 
Models 
l-Cluster 
2-Cluster 
3-Cluster 
4-Cluster 
5-Cluster 
6-Cluster 
7-Cluster 
8-Cluster 
9327.1 
7988 0 
7492.7 
7321.2 
7229.5 
7161.6 
7132.3 
7140.2 
9342.1 
8019.0 
7539.7 
7384.2 
7308.5 
7256.6 
7243.3 
7267.2 
15 
31 
47 
63 
79 
95 
111 
127 
Note. The number of cases in the exploration sample is 351, and the number of cases in the 
confirmation sample is 352. BIC, Bayesian information criterion; LL, log likelihood; CAIC, 
consistent Akaike information criterion. 
Table 3.1 reports the goodness of fit statistics for the different models applied 
to the exploration sample and confirmation sample. To assess the fit of the models, 
we use two well-known and often used information criteria in Latent Structure 
modeling: the Bayesian Information Criterion (BIC) and the Consistent Akaike's 
Information Criterion (CAIC). Both information criteria can be used to compare 
models with one another: The lower the values the better the model is in terms of 
fit and parsimony. BIC and CAIC introduce a penalty for the sample size and the 
number of parameters (Raftery, 1999; Bozdogan, 1987). According to these 
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statistical criteria, the seven-cluster model fits the exploration data best, as this 
model has the lowest value for both the BIC (7111.3) and the CA1C (7222.3). When 
estimating the same models to the confirmation sample, we would expect that 
from the range of models the seven-cluster model would also be the best-fitting 
model. This hypothesis is corroborated by the findings for the second subsample: 
The seven-cluster model has also the best fit in terms of both BIC (7132.3) and 
CAIC (7243.3). From these findings we conclude that the model with seven latent 
clusters is the best representation of the latent structure of configurations of word 
properties of the 703 words. 
To further assess the validity of our findings we have tested whether the 
hypothesis of equivalence of the seven-cluster latent class structure for both 
subsamples holds; to this end, we compared three multigroup models: A 
Heterogeneous model that assumes that all model parameters differ between 
samples (BIC=15614.4; CA1C=15758.4), a Partially homogenous model in which 
group-specific intercept parameters but not group-specific slopes are assumed 
(B1C=15318.5; CAIC=15408.5), and a completely Homogenous model in which 
complete measurement invariance is assumed (BIC=15270.3; CAIC=15345.3). As 
the homogenous model has the best fit, the results indicate that the hypothesis of 
equivalence of the seven-cluster latent class structure between both subsamples is 
supported. 
After testing and validating the seven-cluster model, we have inspected the 
parameters of the model, which reveals the distinctive characteristics of each of 
the seven clusters of words. Table 3.2 reports the means and conditional 
probabilities of word properties per cluster that show how the word clusters are 
related to the properties of the words. 
Clusters are named according to their size. Clusters 1 to 7 contain 28.9%; 
16.3%; 14.0%; 13.1%; 10.3%; 9.4%, and 7.9% of the words of the total sample, 
respectively. The cluster analysis computes for every word the probability of 
belonging to Cluster 1, to Cluster 2, et cetera. Thereupon, words are assigned to the 
cluster for which they have the highest modal probability. In Figure 3.1 is given, 
first, for each cluster a stacked histogram of the relative division of words over the 
three word classes. Second, for each cluster is given a histogram of scores on the 
other word properties and an example of a typical noun, verb, and adjective, in 
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Dutch but with English translations. A word that is ' tyP'03 ' ' for a cluster has a very 
high probability to belong to that cluster; the examples in Figure 3.1 all have a 
probability of .98 or higher to belong to their cluster. 
Table 3.2. Cluster probabilities (i.e, for Class) and Cluster averages (i.e,for the other manifest 
variables) according to the 7-cluster model. 
Cluster Size 
Cluster 1 
0.289 
Cluster 2 
0.163 
Cluster 3 
0.140 
Cluster 4 
0.131 
Cluster 5 
0.103 
Cluster 6 
0.094 
Cluster 7 
0.079 
Indicators 
MoA 
FAM 
AoA 
IMA 
Class 
Adjective 
Noun 
Verb 
Number of 
letters 
Frequency (In) 
Family Size (In) 
4.37 
5.68 
3.94 
4.90 
0.19 
0.48 
0.34 
8.16 
7.11 
0.000 
5.67 
4.80 
5.15 
4.18 
0.16 
0.52 
0.31 
9.22 
6 55 
0.000 
4.05 
5.98 
3.21 
4.77 
0.23 
0.33 
0.45 
5.22 
8.74 
3.85 
2.71 
6.47 
2.31 
5.34 
0.39 
0.27 
0.35 
4.90 
8.98 
3.71 
4.94 
5.13 
4.52 
4.74 
0.07 
0.56 
0.37 
5.68 
7.36 
2.97 
1.87 
6.66 
2.01 
6.66 
0.06 
0.93 
0.00 
4.73 
8.26 
3.48 
2.72 
6.09 
2.94 
6.46 
0.04 
0.93 
0.04 
5.53 
6.87 
2.56 
Note: Estimates are based on seven-cluster model estimated from full sample (Number of 
cases = 703). Largest and smallest averages and probabilities per variable are indicated by 
bold and italics, respectively 
AoA, MoA, FAM and IMA were scored on seven-point scales, so the maximum 
score on these word properties is seven. Higher scores mean a later age of 
acquisition, acquisition more via language (whereas a lower score means 
acquisition more via experience), more familiar, and higher imageability, 
respectively. Length, Frequency, and Family Size were count variables, the latter 
two were scored as log frequencies. Scores for these three word properties on 
principle can be higher than seven. 
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0% 
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υ υ u u υ υ u 
10 
• Verb 
O Noun 
• Adjective null 
Cluster 1 
familielid (family member) 
binnenkomen (to come in) 
vervelend (boring) 
10 10 10 
null ululi ••lull 
< < 5 < *; er m 
s 1 1 1 1 1 1 
tu E 
—ι nj Li. 
Cluster 2 hectare (hectare) 
geleiden (to transmit) 
internationaal (international) 
< < 5 < £; 5 è < 5 ·& < 5
 "- - £ 
Clusters 
vorm (form) 
nemen (to take) 
wild (wild) 
5 < £ 
< 5 QO E 
Cluster 4 
blad (leaf, paper) 
bellen (to ring, to call) 
mooi (beatiful, good, smart) 
10 10 
nulli ..llili Jill. 
10 
< < 5 < £ CT OJ 
5 ° < Σ "S. ϊ . 
**• ;> u . — tz u . 
Ol 
Cluster 5 
grens (border, limit) 
melden (to report) 
beide (both) 
£ s ;? i " 
< < 5 < 
o o *5 ^ rf >= < ^ l£ "2 
Cluster 6 
been (leg) 
een (to eat) 
groen (green) 
Cluster 7 
toeter (tooter) 
zagen (to saw) 
mobiel (mobile) 
Figure 3.1. The clusters. Nouns, verbs, and adjectives; scores on other six word properties 
for each cluster with examples. AoA (Age of Acquisition), MoA (Mode of Acquisition), FAM 
(Familiarity), IMA (Imageability), Length (number of letters). Frequency (CELEX 
Frequency), FamSize (Family Size). 
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The patterns in our study, furthermore, imply that there are patterns of 
correlations between word intrinsic properties (e.g., length), language-bound 
properties (e.g., frequency), and cultural-bound properties (e.g., FAM). The 
correlation between each pair of properties in the complete sample can be found in 
Table 3.3. 
Table 3.3. Pearson correlations between the continuous variables 
Variables 1 2 3 4 5 6 7 
1 MoA 
2 FAM 
3 AoA 
4 IMA 
5 Length 
6 Freq 
7 FamSize 
-
-.78" 
.88" 
-.74" 
.49" 
- .21" 
-.50" 
-
-.86" 
.46" 
-.45" 
.47" 
.49" 
-
-.50" 
.55" 
-.43" 
-.57" 
-
-.29" 
-.12" 
.30" 
-
-.39 
-.65' 
.45·' 
Note: MoA, mode of acquisition; FAM, familiarity; AoA, age of acquisition; IMA, imageability. 
**p < .01 (two tailed) 
Although all correlations are significant, they are not extremely high. However, 
as can be seen in Figure 3.1 and deducted from Table 3.2, the relation between 
properties varies per cluster: Words in Cluster 3 are low imageable but highly 
frequent, whereas words in Cluster 4 and 6 are very imageable and highly 
frequent. Thus, the correlation between properties within specific clusters is 
probably much higher than within the complete sample. 
Discussion Experiment 1 
We discuss clusters with respect to their scores on the eight word properties, 
as shown in Table 3.2 and Figure 3.1; their linguistic class and their linguistic form; 
some psycholinguistic and sociolinguistic aspects, based on our inspection of the 
words in each cluster. Finally, we discuss the correlations in Table 3.3. 
In the upper left side of Figure 3.1, the division of nouns, verbs, and adjectives 
for the seven clusters is shown. The division is very skew in Clusters 6 and 7. 
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Cluster 6 contains only four adjectives and no verbs, and Cluster 7 contains two 
verbs and two adjectives. It is not very surprising that there is a relationship 
between word properties like Imageability and Age of Acquisition on the one hand 
and Word Class on the other hand. Nouns, in general, are more imageable than 
verbs and adjectives (Bird et al., 2001), and the vocabulary of young children 
contains more nouns than verbs and adjectives (Clark, 2003). Cluster 6 and 7 
words both have very high Imageability ratings and very low Age of Acquisition 
ratings (see Table 3.2). In contrast, Clusters 3 and 4 have the lowest relative 
number of nouns, Cluster 3 having relatively more verbs and Cluster 4 having 
relatively more adjectives. Magnini, Strapparava, Pezzulo, and Gliozzo (2002) point 
to a word property that is present much more often in verbs and adjectives (and 
adverbs) than in nouns. In the context of (digital) word sense disambiguation in 
text corpora, they distinguish between domain words and generic words. Domain 
words belong to a particular semantic domain, for instance 'animals', with words 
such as 'elephant'. Generic words, which in text corpora mostly are tagged as 
'factotum' (i.e. Latin for "works for all"), do not contain domain information; they 
are used in many different domains, and thus are very useful. These are frequent 
and mostly polysemous words that often have a grammatical function next to a 
semantic content Magnini et al. (2002) give as examples 'to be', 'to begin', and 
'man', but also other copulative verbs (e.g., to become) and auxiliary verbs (e.g. 
can, must) are words with factotum meanings, next to other verbs and adjectives 
that do not specify a context In an analysis of a large word corpus, Magnini et al. 
(2002) found that only 40.2% of the nouns were generic words, whereas 83.2%, 
86.5%, and 93.8% of verbs, adjectives, and adverbs, respectively, were generic 
words. Moreover, the generic words were more polysemous than the domain 
words, the verbs being the most polysemous of all. It is plausible that generic 
words would combine high Frequency with relatively low Imageability ratings 
when Imageability is measured in the traditional way, that is, by representing to 
the raters words outside context. A more detailed analysis of our 703 words 
sample is needed to find the generic words, but a first inspection suggests that they 
are spread over clusters 3 and 4. These are also the clusters with the largest 
differences between Frequency and Imageability, the words being both frequent 
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and lowly imageable. Cluster 6 words, in contrast, are frequent and highly 
imageable (see Table 3.2). 
Most clusters are strikingly homogeneous with respect to the linguistic form of 
their words. Cluster 1 and 2 only contain derivationally complex words with two 
or more morphemes and compounds. The lack of family members of words in 
these two clusters and their great length - as compared to the other clusters - suits 
the nature of these morphologically complex words. Clusters 1 and 2 differ on the 
other five word properties. Cluster 2 words are longer, learned later, learned more 
via language, less familiar, less imageable, and less frequent than Cluster 1 words. 
Of all clusters, Cluster 2 has the highest rates on MoA, AoA and Length and the 
lowest rates on Familiarity, Imageability and Frequency. 
The other five clusters do not or hardly contain morphologically complex 
words. Cluster 6 contains 97% monomorphemic words; 76.5% of the words are 
monosyllabic. Of all clusters, Cluster 6 has the highest rates on Familiarity and 
Imageability; it has the lowest rates on MoA, AoA, and Length. Thus, Cluster 6 is 
precisely the opposite of Cluster 2 with respect to these values. 
Clusters 3 and 4 almost only contain monomorphemic words and inflected 
stems. The division for Cluster 3 is 59.6% monomorphemic words and 41.3% 
inflected stems, 55.2% are monosyllabic; for Cluster 4 it is 65.2% monomorphemic 
words and 34.8% inflected stems; 72% are monosyllabic words. Cluster 3 words 
are learned more via language and at a later age than Cluster 4 words, they are less 
familiar and imageable and somewhat longer. Cluster 4 and Cluster 3 have the 
highest and the second highest frequency, respectively, of all seven clusters. 
Cluster 5 and Cluster 7 are somewhat more heterogeneous with respect to 
linguistic form. Cluster 5 contains 54.2% monomorphemic words, 40% inflected 
stems, and 5.7% morphologically complex words. It has the highest values on MoA 
and AoA after Cluster 2, so these words are learned late and mostly via language, 
yet they are much shorter than Cluster 2 words. They have a considerable Family 
Size whereas Cluster 2 words have a Family Size of zero. Cluster 7 words differ 
from Cluster 6 words by being less familiar, less imageable, and learned later and 
more by language; they differ from Cluster 4 words by being more imageable yet 
less familiar and by being learned later and more by language. 
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Viewing the different clusters more sociolinguistically, inspection of the first 
two clusters - which contain words that are very similar in linguistic form -
suggests that Cluster 1 contains words that are used much more often in spoken 
language whereas Cluster 2 contains words that are used more often in written 
language. In order to verify this hypothesis, we found 20 adults (14 males, 6 
women; mean age 42.7 years, SD 13.75 years) willing to judge 80 words on a 
seven-point Spoken-Written scale ranging from ' 1 - used almost only in spoken 
language' to '7- used almost only in written language'. The 80 words ranged from 
having a very high probability of belonging to Cluster 1 to having a very high 
probability of belonging to Cluster 2, with in between words that had a more or 
less equal probability of belonging to Cluster 1 and to Cluster 2. Cronbach's Alpha 
was .92 and corrected item-total correlations all were higher than .3, which 
indicates that the judgments of the participants were reliable. The bivariate 
correlation between score on the Spoken-Written scale and probability to belong 
to Cluster 1 (or Cluster 2) was r =.560**. It is, of course, possible that the 
participants when judging the 80 words thought more about written word 
frequency than about whether a word occurred more in spoken or in written 
language. Therefore, we also performed a partial correlation in which the effect of 
CELEX Frequency was controlled for. The correlation between score on the 
Spoken-Written scale and the probability to belong to Cluster 1 (or 2) changed 
only from .560 to .544, so the effect of Frequency seems to be small. 
Inspection of the words in the clusters further suggests that Cluster 6 contains 
mainly very basic, short nouns that every young child knows, such as nouns that 
refer to body parts, basic food, drinks, clothes, and furniture. Cluster 4 also 
contains rather basic and short words, but here there are more verbs and 
especially adjectives than nouns; the verbs refer to actions that occur frequently in 
daily life (to ask, to draw, to swim, to say) and the adjectives refer to very common 
predicates such as old, sweet, nice, short, et cetera. 
As indicated above, Cluster 3 words have the largest difference between 
Frequency rate and Imageability rate of all clusters. Many words in Cluster 3 seem 
to be very polysemous. A clear example is 'drijven', a Cluster 3 word that can mean 
to drive (e.g., cattle), to run, to chase, to float, to drift, and to be soaked. 
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Cluster 5 words are of a rather different nature. Although they have the same 
linguistic form as words in Clusters 3, 4, 6, and 7 (see above), they seem to be 
words that occur more often in texts for the higher grades of elementary school. 
Cluster 5 contains a considerable number of Latin and Greek loan nouns, such as 
'risico' (risk), 'liter', 'kg' (for kilogram), and 'kolom' (column). A comparison 
between Cluster 5 and Cluster 3 is interesting both because of the similarities and 
the differences between them. Both clusters contain relatively many verbs and 
they differ hardly in Imageability, but Cluster 5 words are learned much later and 
are much less frequent than Cluster 3 words. Whereas Cluster 3 words are low in 
Imageability because they get their Imageability in the context of use, Cluster 5 
words are low in Imageability because of their high level of abstractness (e.g. risk, 
liter). Because of their higher polysemy. Cluster 3 words are used more often and 
thus are more frequent than Cluster 5 words, and they probably are learned earlier 
because children encounter them much more often. 
Cluster 7 is somewhat more difficult to interpret2. As mentioned above, these 
words are more imageable than Cluster 4 words but less imageable than Cluster 6 
words, and less familiar than both Cluster 4 and Cluster 6 words. Cluster 7 contains 
words like castle, police, class, reader, eraser, harbour. These seem to be school 
words or story book words more than spoken language words - but they are 
words the child encounters in the first years of elementary school. 
Overall, it seems that Cluster 6 and Cluster 4 words are 'easy' words whereas 
Cluster 2 and Cluster 5 words are 'difficult'. In Experiment 2 we empirically verify 
these hypotheses. 
Table 3.3 shows correlations between word properties. These can be explained 
by assuming that the patterns of word properties mirror a stable underlying 
property of language. Reilly and Kean (2007) used the example of man -> manliness 
2
 We compared, with the cluster-variable as factor, the mean number of clusters each word 
loaded on, and the mean number of words with a cluster load greater or equal to 0.9. Cluster 
7 words had the highest number of cluster loadings per word and the lowest number of high 
cluster loadings. This suggests Cluster 7 to be a residual cluster. A one-way analysis of 
variance yielded significant differences, but with Bonferroni adjustments yielded significant 
differences only for number of cluster loadings. Cluster 7 significantly differs from Clusters 
1 to 5 in having a higher number of clusters its words load on (M = 2.89, SD - 0.93). Several 
other significancies were found, but this goes beyond the scope of this chapter. 
51 
Chapter 3 
to illustrate that affixation in general is used to form an abstract word from a 
concrete stem. This in turn has consequences, for instance, for word length and 
neighborhood size. In this way, different properties are related, and this 
relatedness becomes explicit especially when patterns of word properties, instead 
of single word properties, are being researched. The idea that patterns in word 
properties mirror a linguistic phenomenon could account for the clusters we 
found. Furthermore, similar patterns of word properties can probably be found in 
other languages as well. Studies with morphological family size have shown that 
response latencies in one language can be predicted by family sizes in another 
language. This existence of cross-language predictivity suggests the overlap of 
semantic organization in languages; words that have dense semantic 
neighborhood sizes in one language also tend to have dense semantic 
neighborhood sizes in other languages (Martin, Bertram, Haikio, Schreuder, & 
Baayen, 2004; Martin et al., 2005). 
Experiment 2 
We used three sets of data, collected in earlier studies, to empirically verify the 
seven-cluster model. In two of these data sets the same target words were used 
whereas in the other data set another sample of target words was used. All target 
words came from the 703 words analyzed in Experiment 1. As discussed in the 
Introduction of this chapter, two word tasks were involved in these studies, 
namely, lexical decision on words and pseudo words, and use decision, in which 
the participants have to select from four short sentences the one in which the 
target word is used semantically correct (see Chapter 2). 
Participants 
Participants of Data Set 1 were 448 children (236 boys, 212 girls) from Grades 
2 (n=167), 3 (n=146), and 4 (n=135) from four elementary schools in a middle-
sized town in the east of the Netherlands. Data Set 2 contained data from 40 Grade 
2 children (22 boys, 18 girls)1. They came from an elementary school in a middle-
sized town in the south of the Netherlands. Data Set 3 contained data from 252 
i
 Data Set 3 was also used in Chapter 2, a study with Data Set 2 has been published as: 
Tellings & Bouts, 2011. 
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children (123 boys, 129 girls) from 16 elementary schools throughout the 
Netherlands, from Grades 3 (n=93) and 4 (n=159). We only had data from the 
entire group; the data were not differentiated according to grade. All participants 
spoke Dutch at home and none of the participants had diagnosed handicaps. 
Materials 
The 448 children from Data Set 1 made a use decision task with 90 words. The 
40 children from Data Set 2 made a lexical decision task with these same 90 words. 
The 90 words were not selected totally randomly from the 703 word sample, but 
based on an earlier, less sophisticated cluster analysis in which a three-cluster 
model was found; 30 words from each cluster in the three-cluster model were 
randomly selected. In the seven-cluster model, the division of the 90 words turned 
out to be as follows: 25 in Cluster 1, 8 in Cluster 2,12 in Cluster 3, 20 in Cluster 4, 5 
in Cluster 5,13 in Cluster 6, and 7 in Cluster 7. 
The 252 children from Data Set 3 completed a use decision task with 180 
words. These words were randomly selected from the 703 word sample; the data 
were not collected in the framework of any cluster analysis. In the seven-cluster 
model, the division of the 180 words turned out to be as follows: 58 in Cluster 1, 44 
in Cluster 2, 20 in Cluster 3,19 in Cluster 4,10 in Cluster 5,13 in Cluster 6, and 16 
in Cluster 7. The 90 words from Data Sets 1 and 2, and the 180 words from Data 
Set 3, overlapped in 24 words. 
For the lexical decision tasks we created pseudo words by selecting from 
CELEX, for each target word, a word that was similar with respect to consonant-
vowel-structure and word class, and, if possible, similar with respect to Length and 
Frequency. This ensured that variation in structure, Word Class, Length and 
Frequency of the pseudo words approximately mirrored similar variations in the 
target words. The selected word was then altered by one or two letters to create a 
pseudo word that followed phonotactic and orthographic constraints of the Dutch 
language. Words and pseudo words were randomized and put on lists in four 
different orders, printed and duplicated. 
For the use decision task, we made four short sentences for each target word, 
all four being syntactically and morphologically correct. However, only in one of 
the four sentences the target word was used semantically correct (e.g. "The candle 
burned" versus "The candle walked", "The candle slept", "The candle read"). Thus, 
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we distinguished the sentences by semantical context. The words surrounding the 
target word were chosen such, that they can be assumed to be known by most 
elementary school children. Furthermore, while constructing the alternatives we 
took into account the vivid imagination of children. The target words with their 
accompanying four sentences were put on lists in four different orders, printed 
and duplicated. 
Procedures 
All tasks were in-class paper-and-pencil tasks, made either under the 
supervision of students as part of their Master thesis in Education (Data Set 1 and 
2) or under the supervision of the author (Data Set 3). There was no time limit on 
the tasks. Although in most cases lexical decision tasks are made under time 
pressure, as explained in the Introduction of this chapter, this is not always the 
case - it depends on the objective of the particular task. Because we wanted to 
know for each and every word whether or not the children recognized it as an 
existing Dutch word, we did not use time pressure. If they recognized a word, they 
probably would have at least some semantic knowledge of that word. Semantic 
knowledge of words partly determines results on lexical decision tasks (Burani, 
Marcolini, De Luca, & Zoccoloti, 2008; Kavé & Levy, 2005). 
For the lexical decision task, participants were asked to cross out each pseudo 
word. For the use decision task, participants were asked to circle the sentence in 
which the target word "is used best". This formulation was chosen, instead of 
asking about "correct" usage of the target word, in order to prevent participants 
from circling sentences that could occur in children's story books but not in real 
life (for instance "The elephant laughed", which was not an alternative in our 
materials) - although when constructing the materials we avoided such sentences 
as much as possible. Explanation with several different examples was provided to 
the participants before they did the task. The participants did not know about the 
clusters. 
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R e s u l t s a n d D i s c u s s i o n E x p e r i m e n t 2 
For the analyses, not the children but the words were the cases. Scores of 
words in the lexical decision task were measured as the percentage of children that 
correctly accepted a given item as a word, that is, the percentage of children that 
did not cross out the word. Scores of words in the use decision task were measured 
as the percentage of children that circled the right alternative for the target word. 
Mean percentages of correct responses for the words in the seven clusters, in the 
three data sets and for different groups, are given in Table 3.4. They are ordered 
from lowest mean to highest mean. 
Table 3.4. Mean scores correct on words from seven clusters, for three data sets, on lexical 
decision (ID) and use decision (UD) tasks 
Se t i 
Grade 2 2 5 3 1 7 4 6 
UD 48.94 64.73 87.22 87.43 88.92 89.45 95.21 
(24.35) (26.77) (12.44) (11.02) (15.06) (10.09) (3.93) 
Grade3 2 5 3 1 7 4 6 
UD 59.24 73.60 88.74 89.27 89.47 90.30 95.84 
(25.99) (24.65) (9.68) (10.27) (13.05) (7.43) (2.25) 
Grade 4 2 5 7 1 3 4 6 
UD 73.60 86.16 93.12 94.30 94.84 95.63 99.01 
(29.55) (16.36) (11.96) (7.38) (4.81) (4.57) (1.53) 
Set 2 
Grade 2 2 5 1 3 6 4 7 
LD 59.76 77.56 83.60 90.06 92.68 93.30 93.71 
(21.23) (8.83) (13.05) (4.22) (2.62) (3.45) (3.42) 
Set 3 
Grade 3-4 2 5 3 1 4 6 7 
UD 84.82 86.31 92.96 95.42 96.61 97.15 97.36 
(15.38) (16.26) (6.86) (4.51) (2.82) (3.67) (1.52) 
Note: Number of words: Set 1 and 2 = 90, Set 3 = 180. Number of children: Set 1 = 448, Set 2 
= 40, Set 3 = 252. 
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In all three data sets, for all grades and for both tasks, Cluster 2 has the lowest 
mean percentage of correct responses followed by Cluster 5. Cluster 1 comes as 
third in the lexical decision task, in all use decision tasks it comes as fourth. Cluster 
3 comes three times as third, one time as fourth. Cluster 7 seems to be the most 
irregular with respect to mean percentage of correct responses in relation to the 
other clusters. However, it should be noticed that the differences in scores 
sometimes are very small especially to the right side of Table 3.4. 
We performed one-way ANOVA's with Bonferroni adjustments in order to 
investigate whether the means differed significantly. Table 3.5 shows the 
significant and marginally significant differences, and the direction of the 
differences. We also give marginal significances (with p-values between .050 and 
.099), in order to show trends. Differences not listed in Table 3.5 have p-values of 
.1 or larger. 
Table 3.5. Results of Analysis of Variance with Bonferroni adjustments for three samples of 
data, for seven clusters. 
Data Set 1 
Grade 2 Grade 3 Grade 4 
Data Set 2 
Grade 2 
Data Set 3 
Grade 3/4 
F (sig) 13,26 (.000) 9,15 (.000) 5,43 (.000) 14,06 [.000) 8,61 (.000) 
Bonferroni's 1 > 5 (.020) 1 > 2 (.000) 1 > 2 (.000) 1 < 4 (.033) 1 > 2 (.000) 
1 > 2 (.000) 2 < 3 (.000) 2 < 3 (.001) 1 > 2 (.000) 1 > 5 f.099) 
2<3(.000) 2<4(.000) 2 < 4 (.000) 2 < 3 (.000) 2 < 3 (.029) 
2<4(.000) 2<6(.000) 2 < 6 (.000) 2 < 4 (.000) 2 < 4 (.000) 
2<6(.000) 2<7(.000) 2 < 7 (.020) 2 < 5 (.047) 2 < 6 (.001) 
2<7(.000) 5<6(.022) 2 < 6 (.000) 2 < 7 (.000) 
3>5(.051i 2 < 7 (.000) 5 < 7 (.076) 
4 > 5 (.009) 4 > 5 (.044) 
5<6(.001) 5 < 6 (.099) 
5 < 7 (.063) 
Note: Marginal significances underlined. 
56 
Word property clusters and performance on word tasks 
As Table 3.5 shows, significant differences are found more often for the 
younger children, but in all cases Cluster 2 differs significantly - having the lowest 
mean - from all other clusters except Cluster 5. In Data Set 2 we also find a 
significant difference between Cluster 2 and Cluster 5. Cluster 5, with the second 
lowest mean, differs from several clusters other than Cluster 2 in all groups except 
in Grade 4 from Data Set 1. For Grade 2 in Data Set 2 we also find that Cluster 1 has 
a lower mean than Cluster 4.4 
To conclude, we discuss which co-occurring word properties make words 
'difficult 'or 'easy'- in Dutch, but probably also in many other languages. Words 
that are learned late and mainly via language, with low imageability and low 
familiarity ratings tend to be the most difficult: Clusters 2 and 5 score the most 
extreme on these four word properties. Length, frequency, and family size also 
contribute to word difficulty, but in a more variable way. Although the easiest 
Clusters 4 and 6 have the shortest words and the hardest Cluster 2 has the longest 
words, Cluster 5 words, second in difficulty, are third in length, at a considerable 
distance (see Table 3.2). And Cluster 1 words, second in length, are third or fourth 
in difficulty. Great length seems to be counterbalanced when words have good 
imageability scores and are acquired at a relatively young age (i.e. Cluster 1). 
The hardest Cluster 2 has the least frequent words but the second hardest 
Cluster 5 is only fourth least frequent, while the easiest Cluster 6 is only third most 
frequent. The cluster with the highest frequency by one, Cluster 3, is only the fifth 
or fourth easiest, probably because these words must be learned mainly by 
language and have relatively low imageability. 
4
 Our approach identifies word clusters (defined over all eight variables) that explain 
variation in the psycholinguistic data. The question might remain whether the individual 
variables predict the psycholinguistic data as well, or even better, than does the latent 
variable cluster. Regression analyses not reported in this chapter, with both the individual 
variables and the latent variable cluster, show that in Data Set 1 the explained variance (Λ2) 
by the individual variables is .36 in Grade 2, .31 in Grade 2, and .32 in Grade 2, whereas the 
Rz of the latent variable cluster is respectively .49, .40 and .28. In Data Set 2, R2 of the latent 
variable is .50 as opposed to R2 = .41 of the individual variables. In Data Set 3 the R2 = .30 for 
the variables and .23 for the cluster variable. Thus, only in this latter data set, the individual 
variables predict somewhat better than the cluster variable, whereas in Data Sets 1 and 2 
this is the other way around. 
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Clusters 1 and 2 both have zero family size but are quite apart in difficulty; the 
cluster with the highest number of family members, Cluster 3, is far from being the 
easiest, again probably because of its low imageability and its acquisition mainly 
by language. 
General Discussion 
In the present study, we tried, first, to identify groups of words that share 
particular configurations of word properties, other than the two groups found in 
many earlier studies, namely, long, infrequent, late-learned et cetera words versus 
short, frequent, early-learned et cetera words. Second, we investigated whether 
such word groups predicted performance of elementary school children on two 
word tasks. 
To reach the first objective, we performed a latent cluster analysis on a large 
group of words with scores for eight word properties; the words were selected 
from very often used Dutch tests for the end of elementary school. A model with 
seven clusters turned out to have the best fit according to different analyses. For 
empirically verifying the seven-cluster model, we used three data sets with data 
from Grade 2 to 4 children who either had to decide whether or not a given letter 
string is a word in the target language, or had to choose from four alternatives in 
which short sentence the target word was used best. When ordering the mean 
scores on the seven clusters from lowest to highest, for the different samples of 
children, patterns were very similar: Cluster 2 and then Cluster 5 had the lowest 
means, Clusters 4 and 6 had the highest means, Clusters 1 and 3 were in between. 
Only Cluster 7, which turned out to be a residual cluster, was somewhat deviant. 
Statistical analyses confirmed these patterns for Cluster 2 and to a lesser degree 
for Cluster 5, and once for Clusters 1 and 4. The differences between the other 
clusters not being significant probably is caused by the relatively easy tasks and 
the relatively high age of the children given the ease of words in other clusters than 
Clusters 2 and 5. 
A tentative developmental order can be sketched based on the seven clusters. 
Cluster 6 contains mainly very simple and concrete nouns; many of them will be 
among the first thousand words babies and toddlers learn. Cluster 6 and Cluster 4 
seem to contain many of the basic words learned by experience that children need 
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for 'bootstrapping' (Gleitman, Cassidy, Nappa, Papafragou, & Trueswell, 2005): 
Using basic and simple words for acquiring more complex words, mainly by 
morphological decomposition of complex words. These more complex words we 
find in Clusters 1 and 2; Cluster 1 words seem to be acquired more in spoken 
language contexts whereas Cluster 2 words are acquired in written language 
contexts. The less linguistically complex words in Cluster 5 also are learned at a 
later age but morphological decomposition probably will play a smaller part in the 
acquisition process - many of these words being loan words. Cluster 5 words will 
be acquired more often via direct mapping. Cluster 3 words would be somewhere 
in the middle of the developmental order: For age and mode of acquisition and for 
familiarity three clusters have higher values and three clusters have lower values 
than Cluster 3; four clusters have higher values for imageability and length; yet 
Cluster 3 is second on frequency and has the highest values on family size. These 
values show Cluster 3 words to be relatively difficult yet very useful words. 
This cluster analysis was performed on words from very widely used (in the 
Netherlands) tests for the end of elementary school. Most plausibly, they reflect the 
view of the test makers (i.e., language specialists and teachers, see the Method 
section of Experiment 2) on what type of words children at the end of elementary 
school should know. A view on the number of words in each cluster might partly 
reveal this view - remember that the clusters were sorted by the number of words 
they contain, Cluster 1 having the highest number and Cluster 6 (apart from 
residual Cluster 7) having the lowest number of words. Experiment 2 shows that 
the smallest cluster, Cluster 6, is also the one with the easiest words. Children at 
the end of elementary school are not language laymen anymore. Yet, they are no 
adults either, so the clusters with the hardest words (i.e., Cluster 2 and Cluster 5) 
are not the largest clusters. 
A rather remarkable result of the cluster analysis is, that although the eight 
word properties for the greater part do not refer to word form, in the clusters the 
words are very homogeneous qua word form: Cluster 1 and Cluster 2 contained 
only morphologically (very) complex words whereas most of the other clusters 
contained almost only monomorphemic or simple inflected words. This finding 
suggests that word form and particular patterns of (other) word properties 
interact Reilly and Kean (2007) found a relation between word structure on the 
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one hand and the semantic word property imageability on the other hand. They 
hypothesized that the relation between form and meaning of words is not entirely 
arbitrary. They analyzed a corpus of 2023 nouns with imageability ratings. It 
turned out that high- and low-imageable words differed on several word structure 
properties, such as length, affixation, and rate of consonant clustering. Reilly and 
Kean (2007) refer to the relation between word form and word meaning in early 
language development For instance, the first words not only are very imageable 
nouns, they also are short in length and low in number of syllables because such 
words are easier to pronounce for very young children. The authors also point to 
experiments in which adults had to guess the degree of concreteness of nouns from 
unfamiliar languages by merely listening to the nouns. On some (e.g., Russian) but 
not all (e.g., Finnish) foreign languages, native speakers of American English scored 
far above chance level. Reilly and Kean (2007) explain this by the fact that Finnish, 
in contrast to Russian, has a very high rate of compounding of nouns, which makes 
a relation between form (i.e., compound versus free, unsegmented word) and 
meaning less likely. 
Lewis (2006) states that many different word properties are relevant for lexical 
performance, but that the effects of word properties on lexical performance as they 
have been demonstrated by regularly used methods such as analysis of variance 
and factorial analysis, can be erroneous. In this context, he discusses the problem 
of finding more than simple correlations between the many relevant word 
properties on the one hand and lexical performance on the other hand. 
Lewis & Vladeanu (2006) try to solve this problem by using structural equation 
modeling for developing a causal model between different word properties and 
lexical reaction times. By using a cluster analysis, in the present study we tried to 
find more than simple correlations - not so much between word properties and 
lexical performance, but between several different word properties. We assumed 
that configurations between several different word properties can shed light on 
the complexity of words. What we found, first, is a relation between word form or 
word structure and several different non-formal word properties. Second, the 
cluster patterns allow analyses of word types that go beyond relations between 
only two word properties, to which correlational analyses are limited. For the sake 
of brevity, we discuss in more detail only a few configurations of more than two 
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word properties as they can be deduced from the cluster analysis - more 
particularly configurations of Class, Frequency and Imageability for Clusters 6 and 
7 versus Clusters 1 to 5; and configurations of Class, Frequency, Imageability and 
Age of Acquisition for Cluster 5 versus Cluster 3. 
We hope that the differentiation in more than two classes of words with respect 
to 'degree of difficulty' that seems to result from the present study, eventually 
leads to more fine-tuned educational materials and assessment tests in schools. 
However, further research is needed then, first, regarding a more detailed analysis 
of the different clusters; and second, regarding more difficult tasks and/or younger 
children, such that the differences between the 'easy' clusters can be empirically 
verified better. 
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Chapter 4 
Reading Vocabulary in Children with and without Hearing Loss: 
The Roles of Task Type and Word Properties* 
Abstract 
We explored whether different types of tasks and words specify the differences 
in reading vocabulary between children with and without hearing loss. Seventy-
two children with hearing loss and 72 children with normal hearing performed 
two word tasks: a lexical decision task and a use decision task. The tasks required 
children to distinguish words from pseudo words, and to recognize correct 
semantic usage of words, respectively. Both tasks contained the same 180 words 
that were divided over 7 clusters, each cluster containing words with a similar 
pattern of scores on eight word properties (namely: word class, frequency, 
morphological family size, length, age of acquisition, mode of acquisition, 
imageability, and familiarity). 
The children without hearing loss scored better on the two tasks than the 
children with hearing loss, but the size of the difference varied by task and word 
type. Performance differences between the two groups increased as tasks became 
more complex and required a deeper understanding of semantic content Despite 
delays, children with hearing loss showed a similar pattern of vocabulary 
acquisition as their hearing peers. For the most precise assessment of reading 
vocabulary possible, a range of tasks and word types should be used. 
*An adapted version of this chapter will be published as Coppens, K. M., Tellings, Α., 
Verhoeven, L, & Schreuder, R. (in press). Reading Vocabulary in Children with and without 
Hearing Loss: The Roles of Task and Word Type. Journal of Speech, Language, and Hearing 
Research 
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Introduction 
"Withoutgrammar, very little is conveyed, without vocabulary, nothing can be 
conveyed" (Wilkens 1972:111 in Ludwig, 1984). 
Several studies have shown that there are differences in reading vocabulary 
knowledge between children with normal hearing and children with hearing loss 
(i.e., by which we mean throughout the thesis severe to profound bilateral hearing 
loss) both in size and depth (Kelly, 1996; Marschark, Lang, & Albertini, 2002; Paul, 
1996, 2003). Thus, children with hearing loss know fewer words and they know 
these words less well. Previous studies suggest that the size of the difference in 
vocabulary knowledge between children with and without hearing loss varies 
depending on the type of task that is administered (for a review of studies on 
vocabulary and hearing loss see Luckner & Cooke, 2010). However, it is not exactly 
known whether only the size of the score difference varies depending on the type 
of task (e.g., children with hearing loss score X% lower on task A, yet Y% lower on 
task Β than children with normal hearing), or whether there is also variance in 
which type of task is most difficult for children with and without hearing loss (e.g., 
for children with hearing loss task A is more difficult than task Β whereas for 
children with normal hearing this is the other way around). Furthermore, it is 
generally known that certain word properties, such as frequency and the 
imageability of a word, have an effect on the acquisition and processing of a word 
(for an overview, see Baayen, 2005; Balota & Chumbley, 1984; Balota, Yap, & 
Cortese, 2006; Juhasz, 2005). However, this effect has been studied mostly in 
hearing adults and children (Balota, 1994; Juhasz, 2005; Schreuder & Baayen, 
1997) and there is relatively little research on the effect of word properties in 
adults and children with hearing loss. 
In the present study we explored the influence of type of vocabulary task and 
type of words (based on different word properties) on the reading vocabulary 
differences between children with and without hearing loss. We will first elaborate 
upon the acquisition of reading vocabulary in both children with and without 
hearing loss. Thereafter, we will discuss in more detail how task type and word 
properties may influence this acquisition differently in children with and without 
hearing loss. 
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Reading vocabulary development and hearing status 
Vocabulary refers to the knowledge of words and word meanings (Miller, 1999) 
and reading vocabulary refers to the knowledge of written words. Hearing children 
usually build their reading vocabulary learning on their spoken language 
vocabularies (Hanson, Shankweiler, & Fischer, 1983; Hermans, Knoors, Ormel, & 
Verhoeven, 2008; Leybaert, 1993) and their spoken vocabulary knowledge relates 
strongly to the quality and quantity of ambient language (Hart, 1991; 
Huttenlocher, Haight, Bryk, Seltzer, & Lyons, 1991; Weizman & Snow, 2001). The 
first words children produce, the variation in their vocabulary size and the rate of 
their vocabulary growth are tightly linked to parents' speech (Hart, 1991; 
Huttenlocher et al., 1991). Up to kindergarten and even second grade, nearly one 
third of the variation in vocabulary performance of children is accounted for by 
variation in mother's speech (Weizman & Snow, 2001). 
The spoken language development in children with hearing loss is delayed 
compared to their hearing peers (Blarney, 2003). One explanation for this delay 
relates to differences in the early language environment of children with normal 
hearing and children with hearing loss. Auer, Bernstein, and Tucker (2000) found 
evidence that hearing status affects the pattern of word experience in three 
respects. In the first place, children with hearing loss may have a limited source of 
ambient language, due to the omission of certain age specific lexicon parts, like 
baby-talk, by the parents. Second, the absolute exposure rates may be different due 
to differences in experience; for example, limited access to language on television 
or in theatre. Third, even if the absolute exposure rates are independent of the 
hearing status of a child, the perceived exposure rates may vary due to difficulties 
in perceiving spoken language accurately. Or, as Fagan and Risoni (2010) point 
out: Early exposure to word-learning opportunities is limited simply due to the 
very nature of profound hearing loss. 
Due to the delay in spoken language vocabulary acquisition of children with 
hearing loss, also their reading vocabulary development is delayed. Moeller, 
Tomblin, Yoshinaga-Itano, Connor, and Jerger (2007) show in their review study 
that there are two important aspects of (spoken) language that influence two main 
components of reading and reading vocabulary. First, the development of 
phonological processing skills has an important influence on the development of 
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word decoding skills. Word decoding skills enable children to derive a 
representation, and thus a meaning from written or printed input. Hearing loss 
affects the phonological development of a child, and thus the word decoding skills 
of a child with hearing loss (Moeller et al., 2007). Second, lexical, sentence and 
discourse processes involved in listening and speaking enable children to 
comprehend the meaning of the text once they have decoded the words. Moeller et 
al. (2007) indicate that vocabulary development, sentence, and discourse skills are 
at least in jeopardy in children with mild to severe hearing loss, causing reading 
problems. Consequently, hearing loss in the preschool years easily affects reading 
(vocabulary) development at later stages. 
During the last decades the possibility for children with hearing loss to develop 
and use (spoken) language has improved (Blamey, 2003). A factor responsible for 
this improvement is the increasing number of children with hearing loss receiving 
cochlear implants (CI). Most children demonstrate at least some improvement in 
speech perception after implantation (Geers, 2002). Studies have shown that 
children with cochlear implants have a higher rate of language development than 
expected of children with hearing loss without implants (Svirsky, Teoh, & 
Neuburger, 2004), and that children who receive cochlear implants at an earlier 
age show greater benefits in the rate of (reading) vocabulary acquisition than 
children who receive implants at a later age (Blamey, 2003; Connor, Craig, 
Raudenbush, Heavner, & Zwolan, 2006; Fagan & Pisoni, 2010; Luckner & Cooke, 
2010). However, although there are clear benefits of CI in young children with 
hearing loss (Luckner & Cooke, 2010), results have been variable (Marschark, 
Rhoten, & Fabich, 2007). Many children with a CI still comprehend fewer spoken 
words than their hearing peers (Fagan, Pisoni, Horn, & Dillon, 2007) and the 
progress of many children with a CI in vocabulary learning remains slower than 
that of hearing peers (Nicholas & Geers, 2007). 
Other factors influencing (reading) vocabulary development are age at onset of 
hearing loss, age of identification, and degree of hearing loss. Children that lose 
their hearing at a later age have more positive perspectives concerning vocabulary 
development (Powers, 2003). However, early identification of hearing loss 
positively affects vocabulary, because earlier identification allows for earlier 
intervention (Moeller, 2000; Yoshinaga-ltano, 2003). Higher degree of hearing loss 
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is related negatively with reading, phonological awareness, vocabulary, and speech 
reading (Kyle & Harris, 2006), and more residual hearing before implantation 
positively affects vocabulary (El-Hakim et al, 2001). However, other studies in 
children with severe and profound hearing loss have not reported an effect of 
hearing loss on vocabulary (e.g., Moeller, 2000). Possible explanations for the 
(absence of) an effect of degree of hearing loss are the composition of the 
population and the interrelatedness of other factors with degree of hearing loss, 
such as age of identification, type of hearing aids, and age of hearing aid fitting (see 
Chapter 5). The impact of communication mode on the vocabulary development in 
children with hearing loss is not exactly known, since both positive effects of sign 
language (Hermans et al., 2008; Spencer, 2004), total communication (Connor, 
Hieber, Arts, & Zwolan, 2000), and oral communication (El-Hakim et al., 2001; 
Geers, 2002) have been found. However, it is known that children with a CI have a 
higher probability of reaching a normal oral language development when they 
perceive spoken words better (Svirsky et al., 2004), and when dependence on oral 
communication is emphasized (Geers, 2002). 
Roles of task type and word properties 
To study vocabulary, or word knowledge, we have to consider what it means to 
know a word (Beck & McKeown, 1991). An extensive and widely used approach is 
the model of Nation (1990, p. 31). This model represents different components and 
subcomponents of word knowledge, comprising form, position, function and 
meaning. Besides, the model also differentiates between receptive and productive 
knowledge. Another widely used conceptualization is the very rough, though 
useful continuum of Dale (1965), in which four stages of differential knowledge are 
distinguished. In this model word knowledge is acquired sequentially: At stage 1 a 
pupil has no knowledge, at stages 2 and 3 a pupil has incomplete or partial 
knowledge and full knowledge is only acquired at stage 4. 
Thus, instead of a dichotomous phenomenon (you know a word or you do not), 
word knowledge is a continuous concept Since word knowledge consists of many 
different components, we can distinguish different types of tasks to assess 
vocabulary knowledge (Read, 2000). Some tasks focus mainly on the number of 
words a person knows. In this case, a child is presented often with multiple-choice 
items questioning the meaning of a word, like the Peabody Picture Vocabulary Test 
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(Dunn & Dunn, 1997); or with lexical decision items in which a person should 
decide whether a string of letters is a word or not, like the Go/No go-test 
(Huibregtse, Admiraal & Meara, 2002). Other studies assess how much a person 
knows of a word, testing either one or various particular aspects of word 
knowledge, like the. VocabiAary Levels Test (Nation, 1990) or the Word 
Comprehension subtests of the Woodcock Reading Mastery Tests (Woodcock, 
1987). 
Previous studies suggest that the difference in vocabulary knowledge between 
children with and without hearing loss varies depending on the type of task that is 
administered (Fischler, 1985; Luckner & Cooke, 2010; Marschark, Convertino, 
McEvoy, & Masteller, 2004; Moeller, 2000; Paul & Gustafson, 1991). Marschark et 
al. (2004) explored how the mental lexicon is organized and structured in students 
with hearing loss by examining how they classify and categorize concepts, using a 
single-word association task involving superordinate-subordinate relations (e.g., 
fruit to the word apple, and apple to the word fruit) and an analogy-solving task 
(e.g., apple : fruit :: dog : ) . On average, students with hearing loss solved fewer 
analogies than their hearing peers. More interestingly, in contrast to hearing 
students, students with hearing loss had fewer problems solving analogies that 
required providing a subordinate term than analogies that required providing a 
superordinate term (Marschark et al., 2004). Paul and Gustafson (1991) had 
students with and without hearing loss select one and two meanings of 
multimeaning words. Students with normal hearing outperformed the students 
with hearing loss; nonetheless, selecting two meanings was more difficult than 
selecting one meaning for both groups. And both groups of students selected the 
most common meaning of a word more often than the less common meaning. 
Moeller (2000) found that children with hearing loss were less behind on 
expressive vocabulary tasks than on receptive vocabulary tasks. Besides this 
expressive-receptive difference, Fischler (1985) found a difference between 
presenting words in isolation or in context He examined the effects of supportive, 
incongruent, unlikely but acceptable, or absent sentence contexts on response 
times in a lexical decision task in both participants with and without hearing loss. 
In contrast to hearing students, who benefit from sentence context under certain 
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conditions, participants with hearing loss always responded faster on no-context 
trials than on sentence-context trials. 
In this study we focused on two tasks: a lexical decision task and a use decision 
task. The lexical decision task assesses whether children recognize a string of 
letters as a real word (stage 1 of Dale's continuum, 1965). This is a necessary 
condition for understanding the meaning of these words. The use decision task 
measures a deeper form of understanding the meaning of the target word, that is, it 
measures whether the child can recognize (in)correct usage of the word (an 
extension of stage 3 of Dale's continuum, 1965). Using these two types of tasks, we 
were able to measure not only two different forms of reading vocabulary but also 
whether the differences between children with and without hearing loss vary per 
task. Even if children with hearing loss recognize an isolated letter string as an 
existing word in the target language, it is still uncertain whether they also have 
lexical semantic knowledge of this word and recognize its correct use when they 
encounter the word in context 
Due to its complex nature, vocabulary should not only be explored using a broad 
range of tasks, but also by focusing on different word properties that influence 
performance on certain vocabulary tasks. Word properties can be intrinsic to a 
word, like word length, word onset, number of phonemes and number of syllables. 
Other properties depend on the relationship to a larger corpus of words, such as 
neighborhood size, word frequency, or bigram frequency. Furthermore, there are 
properties that are a reflection of the personal experiences with language, such as 
at which age a word is acquired (age of acquisition) and how familiar a word is. In 
the literature a variety of word properties are discussed, and there seems to be 
consensus on the value of some of these variables, like frequency and age of 
acquisition, and the effect they have in certain word performance tasks (for an 
overview see Balota, Yap, & Cortese, 2006). 
A few studies related various word properties to vocabulary of children and 
adults with hearing loss. Cuetos, Monsalve, Pinto, and Rodriguez-Ferreiro (2004) 
investigated the effect of familiarity, word frequency, age of acquisition (AoA), and 
word length on the lexical production of adolescents and adults with hearing loss. 
They asked 40 people with hearing loss between 13 and 58 years of age to write 
down in Spanish names of 100 pictures, taking into account variables like degree of 
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hearing loss, language usage, and whether hearing loss was prelingual or 
postlingual. Semantic errors were best predicted by AoA, and phonological errors 
by frequency and word length. However, there was no significant effect of 
frequency for those who signed and for the group with postlingual hearing loss, 
nor a significant effect of word length for the group with postlingual hearing loss. 
Cuetos et al. (2004) did not Find an effect of familiarity nor of imageability. They 
explained the absence of this effect by pointing out that they used pictures of 
familiar objects and that the referents of the target words were all rated as being 
highly imageable. 
The effect of mode of acquisition (MoA) was investigated by Wauters, Tellings, 
van Bon, and Mak (2008) in children with and without hearing loss. Mode of 
Acquisition (MoA) refers to the type of information that is used to acquire the 
meaning of a word: either linguistic information, perceptual information or a 
combination of both. They found that MoA predicted reading times in children 
with and without hearing impairment in the same way. Both groups scored lower 
on comprehension of linguistic items than of perceptual items, although in both 
conditions children with hearing loss scored lower than children with normal 
hearing. 
From these studies it can be concluded that individual word properties do not 
influence performance of children with and without hearing loss differently. 
However, these word properties can influence each other, and they may relate 
differently to each other in children with normal hearing than they do in children 
with hearing loss. Auer et al. (2000), for instance, found that familiarity ratings 
were sensitive to differences in language experience. The familiarity ratings by a 
group of hearing children and a group of children with hearing loss were both 
correlated with written frequency; however, the ratings of the two groups differed. 
The participants with hearing loss rated words as less familiar than the 
participants with normal hearing, probably because the participants with hearing 
loss encounter words in general less frequently. Furthermore, children with and 
without hearing loss might be differentially sensitive to the interaction of certain 
word properties. Hearing children process words that are highly imageable as well 
as highly frequent in written discourse faster than words lower on frequency and 
imageability, and this presumably also goes for children with hearing loss. 
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However, in some cases there might be a higher order interaction for hearing 
status and word properties. For instance, some highly imageable words are not 
used frequently in written discourse, but do occur regularly in spoken language, 
such as chips. Other words are highly frequent in written discourse, but are not 
very imageable, such as choice. Hearing children will process words like chips 
probably faster than words like choice, due to the higher frequency rate of chips in 
spoken language. This difference in processing between chips and choice will 
probably not occur in children with hearing loss, since they do not benefit from the 
higher frequency rate of chips in spoken language. This example makes it clear that 
a possible differential sensitivity of children with and without hearing loss to word 
properties should be investigated while taking into account the combined 
influence of the different word properties. 
In Chapter 3 we collected data for 703 words on word class, length, frequency, 
morphological family size, age of acquisition, mode of acquisition, familiarity and 
imageability. Instead of examining the influence of only one or two word 
properties, the influence of eight properties and their possible interactions were 
examined. A Latent Class Cluster Analysis was performed on these data using the 
LatentGOLD software (Vermunt & Magidson, 2000). A cluster analysis seeks to 
identify latent clusters of words within a sample, each with particular 
configurations of properties. Performed on a sufficiently large set of words with 
scores for relevant properties, a cluster analysis may display possible, immanent 
patterns of distributions of properties, which differ from, or rather complement, 
previous findings based on simple correlational or factor analysis methods. We 
identified seven types of words (or clusters) based on patterns of scores on the 
eight word properties using this cluster analysis. Furthermore, we found that 
hearing children's performance on two word tasks was explained in terms of these 
clusters. We used the results of Chapter 3 for the present study (see Table 3.2 in 
Chapter 3 for the patterns of word properties, for more detailed information about 
the data gathering and analysis we also refer to Chapter 3). 
Present study 
In the present study, we administered two tasks with target words from the 
seven clusters from the study of Chapter 3 in a group of children with normal 
hearing and in a group of children with hearing loss. This integrated approach 
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enabled us to explore the differences in reading vocabulary knowledge between 
children with and without hearing loss and gave us the possibility to examine how 
both task demands and the nature of words influence reading vocabulary 
differences between children with normal hearing and children with hearing loss. 
Method 
Participants 
Participants in the present study were 144 children from Grade 3 through 6 
from 33 elementary schools throughout the Netherlands (67 children without 
hearing loss and 65 children with hearing loss also participated in the study in 
Chapter 2; 37 children without hearing loss in Grade 3 and 4 also participated in 
the study in Chapter 3). Schools and institutions approved of participation prior to 
conducting the research. Moreover, parental consent for participation was secured 
for all children 
The participant group consisted of two groups: 72 hearing children and 72 
children with hearing loss. Each child with hearing loss was matched to a hearing 
child from the same sex, approximately the same age, and with equivalent 
decoding skills. We matched the children to ensure that differences in reading 
vocabulary knowledge were not caused by poorer word decoding skills. Decoding 
skills were measured by the Pencil-and-paper lexical-decision task (van Bon, 
2007). This task measures decoding without requiring participants to read out 
loud, which is a problem for most children with severe hearing loss. We could 
match the children since our longitudinal group consisted of many children with 
and without hearing loss, and because differences in decoding skills between 
hearing children and children with hearing loss were not extremely large, like 
found in previous studies (e.g. Fischler, 1985; Wauters, van Bon & Tellings, 2006). 
Both groups consisted of 41 boys and 31 girls, the mean age of the children 
without hearing loss during test administration was 10; 11 years (SD = 1;2), the 
mean age of the children with hearing loss was 11;0 (SD = 1;2). The children with 
hearing loss were recruited from 10 special schools for children with hearing loss 
(46 children), and 24 mainstream schools (26 children). Children in mainstream 
education were educated in Dutch, whereas education in special schools is 
bilingual: Spoken Dutch and Sign Language of the Netherlands. The children with 
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hearing impairment all had a hearing loss of at least 80 dB in the better unaided 
ear. Forty-seven children had a cochlear implant, three of them bilateral. Detailed 
information about the children with hearing loss can be found in Appendix D. 
Target words 
Target words came from the Cito Eindtoets Basisonderwijs [End of primary 
school test] of 2004, 2005, and 2006. This test is being used in about 90% of the 
Dutch primary schools in sixth grade to determine which secondary school is 
suitable for a child. Words used in these tests can thus be seen as an implicit norm 
for words children should know at the end of primary school. For a detailed 
description of the construction of the list with target words see Chapter 2. The 
word list contained 703 words: nouns (n = 367), verbs (n = 209), and adjectives [n 
= 127). 
From the 703 words we randomly selected 180 target words. Since the present 
study is part of a larger study, the target words were selected already before the 
Cluster analysis took place. The Cluster analysis showed that eight of the words in 
our sample had a very small probability of belonging to a certain cluster and these 
words were removed from the analysis. The distribution of the remaining 172 
words over the seven clusters was: 58 words in Cluster 1 (27.8%), 44 in Cluster 2 
(21.1%), 20 in Cluster 3 (9.6%), 19 words in Cluster 4 (9.1%), 10 words in Cluster 
5 (4.8%), 13 words in Cluster 6 (6.2 %), and 16 words in Cluster 7 (7.7%). A brief 
description of the Clusters can be found in Table 4.1. For the sake of convenience, 
we have also labeled the different clusters, mainly in terms of their linguistic form 
and register: Cluster 1 - Complex ordinary words; Cluster 2 - Complex specific 
words; Cluster 3 - Generic ordinary words; Cluster 4 - Common generic words; 
Cluster 5 - Simple specific words; Cluster 6 - Common basic words; and Cluster 7 -
Other words. Note that these labels are global indications of the majority of the 
words occurring in a given cluster. 
By complex words (Cluster 1 and 2), we mean compounds such as "goldfish" 
and "bookcase" and derivationally complex words such as "fisher" and "childhood." 
By simple words (Cluster 5) we mean monomorphemic or inflected words. 
Common (Clusters 4 and 6), ordinary (Cluster 1 and 3) and specific (Cluster 2 and 
5) can be seen to constitute a register-continuum. Specific refers to words that are 
typical of the corpus they are taken from (i.e., assessment tests for the end of 
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e lementary school as many words refer to arithmetic, to geography, to test taking, 
see the examples in Table 4.1), ordinary refers to more general concepts, and 
common to everyday concepts. Generic refers to the degree to which words are not 
bound to a specific semantic domain (e.g., "man" is more generic than "elephant", 
see Magnini, Strapparava, Pezzuolo, & Gliozzo, 2002) . Chapter 3 also showed 
cluster 7 to differ from the other clusters in having consistently low factor 
loadings. 
Table 4 1 Description for each of the seven clusters 
Cluster Description Examples 
Cluster 1 Denvationally complex words and 
Complex ordinary compounds, learned relatively early, 
words fairly easy to imagine 
familielid [family member] 
nachtmerrie [nightmare] 
terugkrijgen [to get back] 
Cluster 2 
Complex specific 
words 
Denvationally complex words and 
compounds, learned late, hard to 
imagine, specific words 
geleiden [conduct] 
penningmeester [treasurer] 
tegenspraak [contradiction] 
Cluster 3 
Generic ordinary 
words 
Largest difference between Frequency 
and Imageabihty, often multiple 
meaning words 
deel [part] 
druk [pressure] 
nemen [to take] 
Cluster 4 
Common generic 
words 
Short words, mainly basic action verbs 
and very common adjectives, refer to 
everyday actions and events or object 
features/characteristics 
hoog [tall] 
kleur [color] 
zien [to see] 
Cluster 5 
Simple specific 
words 
Monomorphemic and inflected words, 
learned relatively late, hard to imagine, 
specific words 
gram [gram] 
massa [masses] 
museum [museum] 
Cluster 6 
Common basic 
words 
Mostly very basic, short nouns that are 
both frequent and highly imageable 
yïets [bike] 
hond [dog] 
schoen [shoe] 
Cluster 7 
Other words 
Quite imageable but less familiar words 
toeter [hooter] 
/fous[stocking] 
tram [streetcar] 
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Materials 
With the target words we made a lexical decision task and a use decision task. 
Lexical decision task. For the lexical decision task we created a phonologically 
and orthographically legal (Dutch) pseudo word for each of the 180 target words. 
We compared target words with words in CELEX, a large electronic database that 
provides detailed Dutch lexical data (Baayen, Piepenbroek, & Gulikers, 1995). To 
ensure that variation in structure, word class, and length of the pseudo words 
approximately mirrored that of the target words, we selected alternative words 
that were similar to the target word regarding these factors. We then altered the 
alternative word by one or two letters to create the pseudo word, while still 
maintaining phonotactic and orthographic constraints of the Dutch language. The 
180 words and 180 pseudo words were randomized and put on three lists (120 
items on each list) printed and duplicated. 
Use decision task. The use decision task aimed to measure a deeper form of 
understanding of the meaning of the target word by examining whether the child 
recognized incorrect/correct usage of the word. We made four short sentences 
with each target word, such that the target word was used semantically, 
syntactically and morphologically correct only in one of the four sentences. The 
incorrect alternatives were syntactically and morphologically correct but 
semantically incorrect (e.g., The train sings, The train sleeps, The train walks and the 
correct alternative: The train goes). We incorporated the 180 target words with 
their accompanying four sentences in three PowerPoint presentations, thus 60 
target words in each session. 
Procedure 
We divided the experiment over three testing sessions to reduce the work-load. 
Each session consisted of a lexical decision task and a use decision task. To 
administer the lexical decision task, the 180 target words and 180 pseudo words 
were divided over three word lists; one for each session. Each list consisted of 60 
target words and 60 pseudo words. To administer the use decision task the 180 
target words were divided over three sessions, with 60 target words in each 
session. After Finishing the lexical decision task, the participants went along with 
the use decision task. This use decision task contained the same 60 target words as 
the preceding lexical decision task, though in a different order. To control for order 
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effects, there were four versions that were randomly divided over the classes. The 
tasks were administered in class by the first author. 
Children were instructed in the modality they preferred (either Sign Language 
of the Netherlands or spoken Dutch). For the lexical decision task, we asked 
children to read the letter strings on the list column by column and cross out the 
pseudo words. Lexical decision tasks can be performed both in written form and 
orally, with and without time pressure depending on the objective of the task. Our 
objective was to find out for each and every item whether or not the children 
recognized a written letter string as an existing Dutch word. Therefore, we 
administered a lexical decision task without time pressure. Previous studies 
support the idea that although the task technically only requires pattern 
recognition, word knowledge is activated during a lexical decision task both in 
adults (Balota & Chumbley, 1984) and in children (Marcolini, Burani, & Colombo, 
2009). In general, administration of each of the three lexical decision tasks took 
about 10 minutes including instruction. 
After having performed the lexical decision task, children went ahead with the 
use decision task. The target word and the sentences were projected on a screen 
with a beamer. We asked children to read the target word and the four sentences, 
to choose in which sentence the target word was used best, and to mark the right 
answer on an answering sheet. Each session of the use decision task took 
approximately 40 minutes including instruction. 
Results 
For each child we calculated the proportion of words scored correct for each of 
the seven clusters. These proportions were computed for the lexical decision task 
as well as for the use decision task. Mean scores for the children with and without 
hearing loss on the two tasks can be found in Table 4.2. Moreover, Figure 4.1 
clearly shows the dispersion of the proportion of words scored correct in both 
groups on the different clusters for both tasks. 
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Table 4.2. Proportion of words scored correct for each of the seven clusters in the two tasks. 
Lexical Decision Task Use Decision Task 
Children Children Children Children 
with normal with hearing with normal with hearing 
hearing loss hearing loss 
M (SD) 
.98 (.04) 
.90 (.09) 
.99 (.02) 
1.00 (.02) 
.87 (.13) 
1.00 (.02) 
.98 (.04) 
M (SD) 
.93 (.10) 
.81 (.16) 
.97 (.07) 
.99 (.02) 
.76 (.20) 
1.00 (.01) 
.97 (.05) 
f i 
16.65* 
14.71* 
8.07* 
1.77 
13.96* 
.02 
.85 
M (SD) 
.96 (.04) 
.88 (.08) 
.93 (.06) 
.98 (.03) 
.89 (.12) 
.97 (.06) 
.99 (.03) 
M (SD) 
.80 (.17) 
.60 (.23) 
.77 (.17) 
.91 (.12) 
.62 (.27) 
.92 (.12) 
.87 (.16) 
F* 
60.87* 
96.06* 
55.91* 
28.21* 
59.98* 
10.40* 
36.74* 
* ρ < .01 level (2-tailed) 
ä
 Scores of the children with normal hearing were significantly higher than the scores of the 
children with hearing loss in all cases (p < .01), except for the scores on Cluster 4, 6 and 7 in 
the lexical decision task (respectively ρ = .19, ρ = .89, and ρ = .36). 
We then performed a repeated measurement analysis using a general linear 
model repeated measures procedure [GLM, repeated measures analysis of variance 
(ANOVA)] (SPSS version 15.0). In this model, hearing status was a between-
subjects factor, and both cluster and task were taken along as within-subject 
factors. Cluster had 7 levels (Clusters 1 to 7) and Task Type had 2 levels (lexical 
decision task or use decision task). Mauchly's test indicated that the assumption of 
sphericity was violated for the main effect of Cluster, χ2 (20) = 538.55, ρ < .001, 
and for the interaction Cluster by Task, χ2 (20) = 293.26, ρ < .001. Therefore, we 
corrected degrees of freedom using Greenhouse-Geisser estimates of sphericity (ε 
= .38 for the main effect of Cluster and .53 for the interaction effect of Cluster x 
Task Type). In what follows we will discuss the significant effects as shown in 
Table 4.3. 
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Children with normal hearing LPT Children with hearing loss LPT 
1,0( 
0,80-' 
0,60" 
0,40-
0,20-
Γ 
-τ 1 1 r- -i 1 1 f-
Children with normal hearing UPT Children with hearing loss UPT 
1,00-; 
0,80-' 
0,60" 
0,40--
0.20-· 
1 2 3 4 5 6 7 
Cluster 
Figure 4.1. Performance of children with normal hearing and children with hearing loss on 
seven word clusters in lexical decision task (LPT) and use decision task (UPT). Bars present 
proportion of words responded to correctly and the range of the children's scores. The 
bottoms and tops of the boxes indicate the 25th and 75th percentiles; the line near the 
middle of the box is the 50th percentile (i.e., median). The ends of the vertical lines indicate 
the lowest and highest data points still within the 1.5 IQR for the lower and upper quartiles, 
respectively. 
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Table 4 3 Significant effects of the repeated measurement analyses with Task Type and Cluster 
as within subject factors and Hearing status as between subjects factor 
Effect F value Wilks'A 
Hearing Status l· (1,142) = 58 58 
Task Type F (1,142) = 107 02 570 
Cluster F (6,3219) = 199 28 275 
Hearing Status χ Task Type F (1,142) = 67 22 679 
Hearing Status χ Cluster F (6,3219) = 33 80 692 
Cluster χ Task Type F (6,452 2) = 17 47 490 
Hearing Status χ Task Type χ Cluster F (6, 452 2 ) = 9 91 733 
Note All effects are reported as significant at ρ < 001 
Main effects and interactions 
As observed in previous studies, we found a main effect of Hearing Status. 
Children with a hearing loss obtained lower scores on the reading vocabulary tasks 
than their hearing peers. Furthermore, results revealed an interaction between 
Hearing Status and Task Type, meaning that the difference in performance 
between children with and without hearing loss depended on task type. There was 
a larger difference in performance between the children with and without hearing 
loss in the use decision task than in the lexical decision task. The lexical decision 
task is an easy task that requires shallow knowledge of a word Recognition of the 
correct orthography, whereas the use decision task requires more knowledge of 
the target words as well as knowledge of the ambient words and grammatical 
structures More importantly, we also found a significant three-way interaction of 
Hearing Status χ Task Type χ Cluster. This three-way interaction indicates that 
children with and without hearing loss were differentially sensitive to the clusters, 
and that the way they differ from each other was not the same in both tasks. 
Similarities and differences based on hearing status 
To further explore the differences in performance on the words of the various 
clusters in both tasks as a factor of hearing status, we performed a general linear 
model repeated measures procedure for both groups in which Cluster (Cluster 1 to 
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7) and Task Type (lexical decision task and use decision task) were within-subject 
factors, with Bonferroni adjustments for each measure. This procedure enabled us 
to explore the significant differences between the clusters in both groups for both 
the lexical decision task and the use decision task. Based on the descriptive 
statistics and the Bonferroni adjustments we ordered the clusters from lowest to 
highest scores for both tasks in both groups, also indicating significant differences 
between scores, as shown in Table 4.4. 
Table 4.4. Order of clusters in the two tasks and significant differences between clusters with 
Bonferroni adjustments for children with normal hearing and children with hearing loss (1 = 
complex ordinary words, 2 = complex specific words, 3 = generic ordinary words, 4 = common 
generic words, 5 = simple specific words, 6 = common basic words, 7 = other words). 
Children with normal hearing Children with hearing loss 
Order in lexical decision task 5 2 1 7 3 4 6 5 2 1 3 7 4 6 
Significant differences5 5 2 < 1 7 3 4 6 5 2 < 1 3 7 4 6 
1 < 3 4 6 1 < 3 7 4 6 
7<46 3 7 < 4 6 
Order in use decision task 2 5 3 1 6 4 7 2 5 3 1 7 4 6 
Significant differences3 2 < 3 1 6 4 7 2 5 < 3 1 7 4 6 
53<1647 31<746 
1<47 7<6 
a
 Significant differences between clusters are indicated with an <. Thus, hearing children 
scored significantly lower on the words from Clusters 5 and 2 compared to the scores on 
words from Clusters 1, 7, 3, 4, and 6 in the lexical decision task. Moreover, they scored 
significantly lower on the words from Cluster 1 compared to the words of Cluster 3, 4, and 6 
(but not in comparison to words of Cluster 7). 
Lexical decision task. For the lexical decision task, similar results were found 
for the children with and without a hearing loss when Cluster 7 was left out of 
consideration. Recall that in Chapter 3 we showed cluster 7 to have consistently 
low factor (i.e., word) loadings and thus differ from the other clusters. With Cluster 
7 omitted, the order of the clusters from lowest to highest scores becomes as 
follows for both groups of children: 5 2 1 3 4 6 or Simple specific words, Complex 
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specific words and Complex ordinary words. Generic ordinary words, Common 
generic words, and Common basic words. 
Both children with and without a hearing loss scored significantly lowest on the 
specific words from Clusters 2 and 5; significantly best on the common words from 
Clusters 4 and 6. Performance on the ordinary words from Clusters 1 and 3 was in 
between performance on the other clusters for both groups, although the children 
scored significantly better on the Generic ordinary words from Cluster 3 than on 
the Complex ordinary words from Cluster 1. The scores of the hearing children on 
the words from Cluster 3 or the generic ordinary words also did not differ 
significantly from their scores on the common words from Clusters 4 and 6. 
Use decision task. Just as in the lexical decision task, the order of the Clusters 
in the use decision task was identical for the children with and without a hearing 
loss, with the exception of Cluster 7 and a change of position for Clusters 4 and 6: 
The children with a hearing loss obtained the highest scores on the Common basic 
words from Cluster 6 and the hearing children on the Common generic words from 
Cluster 4. The mean score differences for Clusters 4 and 6 were not significant, 
however (see Table 4.2). 
Inspection of the significant cluster differences shows both the children with 
and without a hearing loss to again score lowest on the specific words from 
Clusters 2 and 5. The one exception to this pattern was: The mean score on the 
Simple specific words from Cluster 5 for the hearing children did not differ 
significantly from the mean score for these children on the Generic ordinary words 
from Cluster 3. Both the children with and without a hearing loss performed best 
on the words from Clusters 4, 6, and 7. However, the children with normal hearing 
did not score significantly different on the Common basic words from Cluster 6 than 
on the Complex ordinary words from Cluster 1. 
Discussion 
In the present study we examined how task type and word properties specified 
the differences in reading vocabulary knowledge between children with normal 
hearing and children with hearing loss. We observed differences in scores between 
children with and without hearing loss on the two tasks and on the seven word 
clusters (each cluster containing words with a similar pattern of scores on eight 
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word properties). Children without hearing loss obtained better scores on the two 
tasks and on the seven clusters than the children with hearing loss. Moreover, the 
difference in scores was larger in the use decision task than in the lexical decision 
task. 
Although the scores of the children with and without hearing loss differed on 
the seven clusters, our results show that the order of the clusters (based on 
performance) was similar for both groups in the lexical decision task and the use 
decision task (except for the shift of Cluster 7 and the change of position of Cluster 
4 and 6 in the use decision task). Both children with and without hearing loss 
scored best on the common words from Cluster 4 and 6, and worst on the specific 
words from Cluster 2 and 5. However, whereas the scores on the common words 
from Clusters 4 and 6 were similar for children of both groups in the lexical 
decision task (i.e., the easiest task and in that task the easiest words), there were 
large differences between the scores of the children with and without hearing on 
the specific words from Clusters 2 and 5 in both tasks 5 (i.e., the most difficult 
words). 
Furthermore, we observed that for both groups of children Clusters 2 and 5 
(the Complex specific words and the Simple specific words), and Clusters 1 and 3 
(the Complex ordinary words and the Generic ordinary words) changed position in 
the use decision task compared to the lexical decision task. The explanation for the 
shift of Cluster 2 and 5 might be that Cluster 5 contains many loan words. Possibly, 
children were more insecure about the correct spelling of these words in the 
lexical decision task. However, the meaning of these words might be better known 
than the meaning of the Complex specific words from Cluster 2, because the Cluster 
5 words have a higher frequency of occurrence. We can explain the shift of Clusters 
1 and 3, by pointing out that Cluster 3 contains many generic words, such as part. 
These are highly frequent words with low imageability scores. Due to their high 
frequency, these words are easily recognized as existing words in the lexical 
decision task. However, due to their generic nature it is difficult to grasp the exact 
meaning or nuances of these words (e.g., that it is correct to say a long story, a long 
train, a long trip but incorrect to say a long tree) which may cause problems in the 
use decision task. The Complex ordinary words from Cluster 1 on the other hand 
are long and derivationally complex and, therefore, more difficult to recognize in 
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the lexical decision task. Although words from Clusters 1 and 3 are comparable on 
familiarity, AoA, MoA, and imageability, the largest difference probably lies in the 
fact that the ordinary words from Cluster 1 are more straightforward in their 
meaning than the generic words from Cluster 3 and, therefore, it is easier to 
recognize their correct use in the use decision task. 
To summarize, in this study we replicated the finding of Chapter 2, that the 
reading vocabulary knowledge of children with hearing loss is smaller than of their 
hearing peers and that they have less in-depth knowledge: Children with hearing 
loss know fewer words and they know these words less well. Nonetheless, the 
same types of tasks and words are 'difficult' and 'easy', respectively, for both 
groups of children. Thus, vocabulary development and lexical processing of 
children with hearing loss, although slower, seem to be quite similar in nature to 
that of their hearing peers even though profound hearing loss limits exposure to 
words (Fagan & Pisoni, 2010) and children with hearing loss might have a different 
pattern of word experience than hearing peers (Auer et al., 2000). 
Our results show that the difference in performance between the group of 
children with normal hearing and the group of children with hearing loss increases 
as the words or the tasks become more complex and the tasks require a deeper 
understanding of semantic context, as can be seen in Figure 4.1. Even if children 
with hearing loss recognize a letter pattern as an existing word in the lexical 
decision task, it is uncertain whether they also have (enough) lexical semantic 
knowledge of the word to recognize its correct usage. This might be even more the 
case for ambiguous or generic words, of which the meaning depends on the 
particular context This difference in knowledge is probably due to the fact that 
children with hearing loss not only encounter fewer words (both in spoken and 
written context), but they also encounter each of these words less often. Research 
indicates that students with normal hearing need to encounter a word at least 12 
times (McKeown, Beck, Omanson, & Pople, 1985) or even up to 40 times (Reutzel & 
Cooter, 2004) to know the words well enough to support reading comprehension 
(Luckner & Cooke, 2010). Through frequent encounters with a word in differing 
contexts, a child deepens its vocabulary knowledge and builds a framework of 
organized interrelated knowledge about meanings, nuances, and related concepts. 
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For a child to comprehend discourse, this entire knowledge framework 
surrounding the word is essential (Paul, 1996). 
We found that although children with hearing loss obtained lower scores on the 
two tasks and on the different word types than hearing children; they did seem to 
follow a similar pattern of vocabulary acquisition and processing. This confirms 
the qualitative similarity hypothesis (QSH) of Paul (2001). Paul (2001; Paul & Lee, 
2010) suggested that the development of children with hearing loss is qualitatively 
similar, yet delayed, as compared to that of children with normal hearing. 
Moreover, as in previous studies (Kyle & Harris, 2006; Marschark et al., 2004; 
McEvoy, Marschark, & Nelson, 1999; Moeller, 2000; Paul & Gustafson, 1991) we 
found that the quantitative differences, or size of the differences, vary per task, but 
we did not find qualitative differences with regard to task type (the lexical decision 
task was easier than the use decision task for both children with and without 
hearing loss). McEvoy et al. (1999) administered a semantic association task. They 
found that, despite the variation in response sets of the students with and without 
hearing loss concerning coherence and accessibility of lexical concepts, the set of 
responses produced was relatively similar for both groups of students. Kyle and 
Harris (2006) presented children with a number of tasks to assess reading, 
spelling, productive vocabulary, speech reading, phonological awareness, short-
term memory, and nonverbal intelligence. They found important quantitative 
differences between the performances of children with and without hearing loss 
on the different tasks; nonetheless their performance was qualitatively similar as 
they showed the same experimental effects like sensitivity to spelling-to-sound 
regularities and sensitivity to congruency of phonology and orthography of a word, 
while making phonological judgments. 
Our results showed that word properties influence lexical processing in both 
children with normal hearing and children with hearing loss, which is in line with 
the studies of Leybaert (1993) and Cuetos et al. (2004). Furthermore, we found 
that the ranking of the clusters is more or less similar for both groups, which 
supports the finding of Cuetos et al. (2004) that the organization of the lexical 
system of people with hearing loss is similar to that of people with normal hearing. 
The hearing children in this study obtained scores on all clusters of at least 
90% correct, except for the specific words from Clusters 2 and 5 in the use decision 
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task. This indicates that they 'know' at least 90 percent of the words in these 
clusters. It is generally considered that one needs to know 90 percent of the words 
in a text to comprehend the text without problems (Hirsch, 2003). Therefore, we 
deem that the hearing children mastered the target words on a sufficient level. 
However, the children with hearing loss only performed on a sufficient level in 
both tasks on the common words from Clusters 4 and 6. Therefore, it is to be 
expected, that they will have considerable problems with reading comprehension. 
Our results show that using different tasks and target words with different 
patterns of word properties provides more insight in the differences between 
children with and without hearing loss. However, our study also gives rise to 
further research. First of all, we found ceiling effects in both tasks, even for the 
participants with hearing loss, probably caused by the domain referenced criterion 
we used to select the target words. Notwithstanding these ceiling effects, that may 
obscure our findings, we did find effects of both task type and word type. Second, 
with an increasing number of children being implanted at a younger age, 
knowledge of possible differences within the group of children with hearing loss 
based on CI use is relevant However, due to the small sample size of our study, as 
well as the heterogeneity in relevant background variables of the children (in 
particular concerning age at implantation and duration of CI use) the data did not 
allow us to do statistical analyses upon these issues. Finally, it is possible that 
children with hearing loss eventually catch up with their hearing peers; however, 
we could not investigate this in our study. To examine this, it would be worthwhile 
to compare children with hearing loss with children with normal hearing of 
different ages or to longitudinally follow the children with hearing loss. 
As in previous studies we found an effect of hearing status: Children with 
normal hearing on average score better on the two reading vocabulary tasks than 
children with hearing loss. However, the size of the differences between the two 
groups depends on the type of task that is administered and on the cluster 
membership of the target words. This has important practical implications. Geers, 
Moog, Biedenstein, Brenner and Hayes (2009) suggested that to assess whether a 
child is ready for mainstreaming - which is increasingly common - a child's skills 
in all language domains should be measured , and in our particular case vocabulary 
domains. It is necessary to determine vocabulary knowledge through a range of 
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tasks and word types, going from simple tasks that measure recognition of words, 
through a task that assesses (the use of) figurative language. Moreover, care must 
be taken to examine a child's vocabulary at a meaningful level, examining not only 
common and depictable concepts, nor a random sample of words from a 
dictionary, but the range of words a child might possibly encounter in his or her 
school years. This broad assessment is necessary to give a detailed insight in the 
differences in reading vocabulary between children with and without hearing loss, 
more importantly, it can give an insight into the specific vocabulary level of a 
particular child and can show whether a child demonstrates a strong performance 
on one task or word type and struggles with another. This way we can conclude 
that a child has a sufficient level of vocabulary knowledge compared to hearing 
peers, or needs further intervention in a particular area. 
To conclude, it is well known that the vocabulary size of children with hearing 
loss is smaller than of their peers with normal hearing. However, in the present 
study we show that the difference in reading vocabulary knowledge between 
children with and without hearing loss depends on the complex patterns of word 
properties, and the tasks that measure vocabulary knowledge. 
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Vocabulary Development in Children with Hearing Loss: 
The Roles of Child, Family, and Educational Variables* 
Abstract 
In the present study we examined the effect of hearing status on reading 
vocabulary development. More specifically, we examined the change of lexical 
competence in children with hearing loss over Grade 4 to 7 and the predictors of 
this change Therefore, we used a multi-factor longitudinal design with multiple 
outcomes, measuring the reading vocabulary knowledge in children with hearing 
loss from Grade 4 and 5, and of children without hearing loss from Grade 4, for 
three years with two word tasks a lexical decision task and a use decision task 
With these tasks we measured word form recognition and (in]correct usage 
recognition, respectively. 
A GLM Repeated Measures procedure indicated that scores and growth rates on 
the two tasks were affected by hearing status. Moreover, with structural equation 
modeling we observed that the development of lexical competence in children with 
hearing loss is stable over time, and a child's lexical competence can be explained 
best by his or her lexical competence assessed on a previous measurement 
occasion. If you look back, differences in lexical competence among children with 
hearing loss stay unfortunately the same. Educational placement, use of sign 
language at home, intelligence, use of hearing devices, and onset of deafness can 
account for the differences among children with hearing loss. 
* This chapter was published as Coppens, Κ M , Tellings, A, Schreuder, R, van der Veld, W, 
& Verhoeven, L (2012) Vocabulary Development in Hearing-Impaired Children The Role of 
Child, Family, and Educational Variables Research m Developmental Disabilities, 33, 119-
128 
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Introduction 
Reading vocabulary is of major importance for the school achievement of 
children with hearing loss. First of all, because reading vocabulary is closely 
related to reading comprehension (Hermans, Knoors, Ormel, & Verhoeven, 2008; 
Kyle & Harris, 2006). Second, because pupils with hearing loss learn as much or 
more via text as via sign language (Marschark, Sapere, & Convertino, 2009; 
Marschark & Wauters, 2008). 
We know that, on average, both the size and the depth of the vocabulary 
knowledge of children with hearing loss are lower than of their hearing peers 
(Kelly, 1996; Paul & Gustafson, 1991; Pittman, Lewis, Hoover, & Stelmachowicz, 
2005; Traxler, 2000; see also Chapter 2 and 4), and that there are large individual 
differences within the group of children with hearing loss (Borgna, Convertino, 
Marschark, Morrison, & Rizzolo, 2011; see also Chapter 2). However, not much is 
known about the effect of hearing status on the development of vocabulary, nor is 
it known what exactly causes the differences in (change of) lexical competence 
among children with hearing loss. Knowledge about the development of 
vocabulary and the factors that can account for the differences in vocabulary can 
help to improve academic achievement (Tymms, Brien, Merrell, Collins, & Jones, 
2003). In the present study, we longitudinally examine the effect of hearing status 
on reading vocabulary with multiple lexical outcomes. More specifically, we study 
the change of lexical competence in children with hearing loss and the predictors 
of this change. 
There is a vast amount of research that focuses on the factors that significantly 
predict the variation in vocabulary (development) among children with hearing 
loss. However, these studies used distinct approaches and distinct measures and 
predictors, resulting in findings with variable effect sizes and even contradictory 
findings. Moreover, there are no studies that study vocabulary over time. In what 
follows we will discuss several studies that examined predictors of lexical 
competence in children with hearing loss, focusing on three different domains: the 
child, the family, and educational placement. Thereupon, we will discuss the main 
issues in studying vocabulary development in children with hearing loss, ending 
with the approach we will use in the present study. 
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Child variables 
In studies in which vocabulary development in children with normal hearing is 
the focus of research, age tends to be the most influential child factor. Large studies 
with hearing children show that children expand their vocabulary throughout the 
years (Parkas & Beron, 2004; Gathercole, Willis, Emslie, & Baddeley, 1992). Kyle 
and Harris (2006) showed in their cross-sectional study that age was indeed the 
best predictor of variance in reading and spelling among the hearing children, and 
to such an extent that little variance remained to be accounted for. However, the 
performance of the deaf participants on reading and spelling was not significantly 
associated with age, but mainly with speech reading and hearing loss (Kyle & 
Harris, 2006). 
Powers (2003) discussed factors that might influence the educational 
achievements of deaf children, and found that degree of hearing loss, age at onset, 
and additional disabilities were child variables that significantly predicted their 
level of English (as measured with the General Certificate of Secondary Education, 
with no information on specific measures like vocabulary). In addition, Powers 
(2003) found varying results for gender: Gender was not significantly related to 
English scores in one year, but in another year being a girl was positively 
correlated with English scores, although relatively weak. Age at onset (or age of 
identification) and degree of hearing loss have also been identified as significant 
predictors of vocabulary in other studies (Blarney et al., 2001; El-Hakim et al., 
2001; Kyle & Harris, 2006; Yoshinaga-Itano, 2003). Furthermore, during the last 
decade the effect of cochlear implantation (CI) on vocabulary has been an 
important focus of research (Connor, Craig, Raudenbush, Heavner, & Zwolan, 2006; 
El-Hakim et al., 2001; Spencer, 2004; Vermeulen, van Bon, Schreuder, Knoors, & 
Snik, 2007). The review study of Luckner and Cooke (2010) showed that several 
studies report that CI improved vocabulary performance, and that vocabulary 
acquisition and development were positively affected by earlier age of 
implantation (Luckner & Cooke, 2010). In another review by Marschark, Rhoten, 
and Fabich (2007) the conclusions were more reserved, although there are clear 
benefits of CI in young deaf children, results have been inconclusive. They suggest 
that findings are not always consistent, because researchers not always control for 
confounding variables such as age of implantation (Marschark et al., 2007). 
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An additional child variable associated with vocabulary is intelligence. 
Verhoeven and Vermeer (2006) showed that hearing students diagnosed as 
intellectually disabled score lower on reading vocabulary measures. Moreover, 
studies with children who are deaf or hard of hearing also showed that 
intelligence, or working memory, affects vocabulary development (Luckner & 
Cooke, 2010). Although the exact nature of the relation is unknown, vocabulary 
measures often are used to assess verbal intelligence, hypothesizing that 
vocabulary knowledge and intelligence are related. 
Family variables 
Next to the child variables mentioned above, Powers (2003) also found family 
variables that significantly predicted English levels, namely: language used at 
home, 'free school meals' (measure of family social economic status), and hearing 
status of parents. Of these family variables, language used at home was the 
strongest predictor, with a positive effect of English used at home. However, no 
data was available concerning sign use. Nonetheless, we would expect language 
used at home to be an important factor, given the fact that many children with 
hearing loss are exposed to more than one language and/or communication mode 
at home (Prezbindowksi & Lederberg, 2003), and there is a large variety of input in 
languages and communication modes. The exact combination of languages, 
exposure rates, and perceived input in a certain language or mode vary depending 
on the skills of parents and the abilities and hearing residuals of children. Most 
children with hearing loss grow up in hearing families and they are raised without 
fluency in a natural sign language. However, usually they also lack fluency in 
spoken language (Blarney, 2003) due to a limited source of ambient language 
(Auer, Bernstein, & Tucker, 2000) and difficulties in perceiving spoken language 
accurately (Pagan & Pisoni, 2010). Studies that examined the influence of language 
used at home on language development found differing results. Both positive 
effects of sign language (Hermans et al., 2008; Spencer, 2004), and of oral 
communication (El-Hakim et al., 2001; Geers, 2002) have been found. 
Educational variables 
Geers (2002) investigated factors that influenced language and reading 
outcomes in children with early cochlear implantation and found that higher 
outcome scores in language and in reading were associated with placement in 
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mainstream settings. However, a review of Stinson and Kluwin (2003) regarding 
academic placement concluded that academic achievement of students with 
hearing loss was for 19%-24% predicted by student and family variables, whereas 
educational placement only accounted for about l % - 5 % of the variability. 
Furthermore, placement in mainstream education was also predicted best by child 
and family variables. 
Evaluation 
Determining the factors that can predict variation in vocabulary knowledge and 
in growth rates has both practical and theoretical reasons (Convertino, Marschark, 
Sapere, Sarchet, & Zupan, 2009). Insight in the sources of individual variation 
makes it possible to identify influences that affect all language learners (Bornstein, 
Haynes, & Painter, 1998). More importantly, in the case of children with severe 
hearing loss, knowledge about factors that predict vocabulary (development) and 
reading can help them to improve academic achievement (Tymms et al., 2003). 
However, identifying factors that predict vocabulary in children with hearing loss 
is relatively difficult. First, the samples are very small due to relatively low 
incidence of (severe) hearing loss in children. To make things worse, the samples 
are also very heterogeneous (Convertino et al., 2009). Due to this heterogeneity 
there are myriad factors involved. To complicate analysis even more, many of 
these factors are interrelated (Powers, 2003), such as degree of hearing loss and 
type of hearing device; or onset of deafness and hearing status of parents. 
Another issue is that the involved factors are defined and categorized in non-
homogenized ways. An example is hearing status: Some studies split up hearing 
loss into severe moderate, profound, and mild (Tymms et al., 2003), whereas in 
other studies hearing loss is defined in dB (Kyle & Harris, 2006). A similar issue 
can be found in the research on the effect of CI. Results have been variable in this 
area of research (Marschark et al., 2007) and an important reason for this might be 
the varying divisions in groups with respect to age-of-implantation. El-Hakim et al. 
(2001) found considerable individual variation in rates of vocabulary growth in 
children with CI. However, analysis of subgroups by age of implantation showed no 
difference in vocabulary growth rates; possibly due to the authors' rather broad 
distinction between children receiving CI before the age of 5 and after the age of 5. 
Connor et al. (2006) investigated whether children receiving CI before the age of 
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2.5 years benefited from CI, and they found that these children benefited greatly 
regarding vocabulary outcomes. This example emphasizes the importance to take 
into account the sensitive periods of language learning while creating subgroups to 
examine the effect of CI. 
Another problem is with the accepted belief that the best predictor of 
educational attainment is some measure of prior attainment (Tymms et al., 2003). 
Tymms et al. (2003) collected and analyzed assessments of nearly 1000 deaf 
children (aged four and five years) at the beginning and end of the academic year 
to predict academic achievement of children with varying degrees of hearing loss, 
taking into account a considerable number of background variables concerning 
language input, special educational needs, degree of hearing loss and so on. Their 
results showed that relative progress was best predicted by the level at a certain 
starting point, and to such an extent that there were no prominent associations 
with other variables. The progress in reading of pupils with and without hearing 
loss was even similar during the first year at school, provided that children had 
similar levels on starting school. 
A final issue concerns the tasks that should be used to measure vocabulary 
knowledge and development Studies have shown that performance and growth of 
receptive vocabulary is different from performance and growth of expressive 
vocabulary (Geers & Moog, 1989; Geers, Moog, Biedenstein, Brenner, & Hayes, 
2009; Moeller, 2000). Furthermore, receptive skills are better predictors for later 
language ability than expressive skills (Hay-McCutcheon, Kirk, Henning, Gao, & Qi, 
2008), favoring the use of receptive tasks. 
Present study 
In the present study we examined the effect of hearing status on reading 
vocabulary development; the change of lexical competence in children with 
hearing loss; and the predictors of this change using a multi-factor longitudinal 
design with multiple outcomes. With this design we tried to resolve the issues 
mentioned earlier concerning sample size, heterogeneity of the sample, 
interrelatedness and categorization of factors, predictive value of prior attainment, 
and suitability of tasks. To provide the largest possible sample size we pooled data 
together across data waves when possible. Moreover, we took into account 
multiple factors and their interactions to evaluate predictors of reading vocabulary 
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knowledge and growth, as well as reading vocabulary knowledge at an earlier 
moment Furthermore, we assessed reading vocabulary knowledge with two 
different tasks, measuring different degrees of depth of receptive vocabulary 
knowledge. These tasks represent two of the four stages of differential knowledge 
of the continuum described by Dale (1965). In this model, vocabulary knowledge is 
acquired sequentially, growing from no knowledge at all at stage one, through 
incomplete or partial knowledge at stage two and three, to full knowledge at stage 
four. We focused on stage one and two. First, we explored whether a child 
recognized a written word as an existing Dutch word. Thereafter, we explored 
whether a child recognized the (in)correct usage of the word in context. 
To study the role of hearing status as a factor in reading vocabulary 
development, we compared the development from Grade 4 to 6 of a group of 
hearing children and a group of children with hearing loss on our two reading 
vocabulary measures, using a general linear model repeated measures procedure. 
Next, structural equation modeling (SEM) was used to model the reading 
vocabulary development of two groups of children with hearing loss (one group 
from Grade 4 to 6 and one group from Grade 5 to 7) to examine the stability of 
development of receptive lexical competence over time. Thereafter, we pooled data 
together across data waves to provide the largest possible sample size enabling us 
to evaluate predictors of reading vocabulary knowledge. We took into account all 
the variables that can explain vocabulary as suggested in the literature as well as 
their interactions. Again, SEM was used to examine to what extent differences in 
lexical competence could be explained by child variables (gender, intelligence, 
onset of deafness, use of hearing device, degree of hearing loss), family variables 
(hearing status of parents and siblings, and language used at home), and 
educational placement 
Method 
Participants 
In this study we followed the vocabulary development of children with hearing 
loss from Grade 4 to 6 (Cohort 1) and from Grade 5 to 7 (Cohort 2), and of hearing 
children from Grade 4 to 6. The group of children with hearing loss consisted of 74 
participants (40 in Cohort 1 and 34 in Cohort 2) of which 42 boys and 32 girls with 
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a mean age of 10 years and 11 months [SD = 11 months) at measurement time 1. 
The group of hearing children consisted of 142 children of which 72 boys and 70 
girls with a mean age of 10 years 3 months [SD = 5 months) at measurement time 
1. 
Of the 74 children with a hearing loss, 12 were in mainstream settings and 62 
were in schools for the deaf. The children with normal hearing in the sample were 
all classmates of the children with hearing loss in mainstream settings. In 
mainstream education the instruction language is spoken and written Dutch. All 
schools for the deaf in the Netherlands offer bilingual education: spoken and 
written Dutch and Sign Language of the Netherlands.5 
Teachers gave information about pupils with a hearing loss with regard to 
language used at home, cause and onset of hearing loss, degree of hearing loss, 
hearing aids, and hearing status of family members. Most of the children with 
hearing loss were exposed to more than one language and/or communication 
mode at home, of the 74 children with hearing loss 68 children used spoken Dutch 
at home, 14 children (also) used another spoken language at home, and 49 
children (also) used sign language at home (either Sign Language of the 
Netherlands or Sign Supported Dutch). Ninety-six children were prelingually deaf, 
and five children became deaf at age 3 or older. Furthermore, 53 children had 
severe to profound hearing loss (90 dB or more) and 21 children had a hearing 
loss of less than 90 dB in the better unaided ear (of whom 14 children with a 
hearing loss between 80 and 90 dB, and 7 children with a hearing loss between 50 
and 80 dB). Regarding hearing devices, 9 children did not have or use any hearing 
devices at all, 29 children used conventional hearing aids, 2 children were 
implanted before age 2,19 children were implanted between 2 and 5 years of age, 
and 15 children were implanted at age 5 or after. Of the 74 children with hearing 
loss, 20 had deaf or hard-of-hearing family members. 
An IQ-score was also provided by teachers. This score was converted to a 5-
point scale, with 3 representing an IQ-score of 100. When no formal IQ-score was 
available, teachers rated the IQ on a 5-point scale. We found great variation on the 
5-point scale. Four children were given a score of 1, 15 children a score of 2, 37 
5
 This does not imply that hearing-impaired children in mainstream education do not use 
Sign Language at all. 
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children a score of 3,12 children a score of 4, and finally there were 6 children who 
received a score of 5. 
Materials 
We studied the knowledge of the three cohorts of children on 100 target words 
using two different tasks in three successive years. 
Selection of target words. To evaluate reading vocabulary knowledge and 
development from a comprehensive perspective, a representative word list was 
based on the Cito Eindtoets Basisonderwijs [Cito End of Primary School Test, 
henceforward Cito test] of 2004, 2005 and 2006, a detailed description of the 
construction of the list can be found in Chapter 2. The Cito test is used by about 
90% of the Dutch primary schools in Grade 6 (end of primary school) to determine 
which secondary school is suitable for their students, and the representative word 
list can thus be seen as an implicit norm for words that should be known at the end 
of primary school. We randomly selected 100 verbs, nouns and adjectives from this 
representative word list as target words. For all target words we created a 
phonologically and orthographically legal (Dutch) pseudo word. 
Lexical and use decision task. We assessed reading vocabulary knowledge 
with two different tasks: a lexical decision task and a use decision task. In the 
lexical decision task children were presented with letter strings that formed either 
a word or a pseudo word. Children had to decide whether a particular string 
formed an existing word or not. In the use decision task each target word was 
presented in four short sentences. Children had to choose in which sentence the 
target word was used best The incorrect alternatives were syntactically and 
morphologically correct but semantically incorrect (e.g., The train sings, The train 
sleeps, The train walks and the correct alternative: The train goes). 
Procedure 
The 100 target words of our study were each year presented with 80 filler 
words to avoid a learning effect These 80 words were randomly selected from the 
representative word list and varied each year. Subsequently, children received 180 
target words each year in both the lexical decision task and the use decision task. 
To reduce the workload, the administration of the tasks was divided over three 
sessions combining lexical decision task and use decision task each. 
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To administer the lexical decision task, the 180 target words and 180 pseudo 
words were divided over three word lists; one for each session. Each list consisted 
of 60 target words and 60 pseudo words. Importantly, the 100 target words of our 
study were semi-randomly divided over the word lists, in order that the words 
were distributed equally over the three lists. Children were asked to read the letter 
strings on the list column by column and cross out the pseudo words. After having 
performed the lexical decision task, children went along with the use decision task. 
This task contained the same target words as the preceding word list, though in a 
different order. For the use decision task children were asked to read the target 
word and the four sentences, and to choose in which sentence the target word was 
used best. 
Correction of scores 
The scores on the lexical decision task were corrected for guessing as well as 
for individual's response style by using the correction formula of Huibregtse, 
Admiraal, and Meara (2002). We used the correction formula for blind guessing 
(Beeckmans, Eyckmans, Janssens, Dufranne, & van de Velde, 2001) to correct the 
scores on the use decision task. 
Results 
Effect of hearing status on vocabulary development 
The mean scores and standard deviations on the lexical decision task and the 
use decision task for the two cohorts of children with hearing loss and for the 
cohort of hearing children on the different measurement occasions are presented 
in Table 5.1. 
To explore the effect of hearing status on reading vocabulary development, we 
analyzed the differences in scores on the two vocabulary tasks for both the hearing 
children and the children with hearing loss from Grade 4 till 6 (Cohort 1). Simple t-
tests showed that the group of children with hearing loss did not differ from the 
group of hearing children with regard to age (t (48) = -.95, ρ = .35, two-tailed) or 
gender (t (180) = .20, ρ = .84, two-tailed). Mean scores of the two cohorts on the 
two tasks in Grade 4, 5, and 6 can be found in Table 5.1. 
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Table 5.1. Corrected mean scores of the three Cohorts of children on the lexical decision task 
(LDT) and the use decision task (UDT). 
Task 
LDT 
UDT 
LDT 
UDT 
LDT 
UDT 
Grade 4 
84.86 (9.63) 
92.05 (5.41) 
55.40 (24.36) 
49.91 (29.68) 
Grade 5 Grade 6 
Pupils without hearing loss 
89.52 (7.94) 91.41 (7.84) 
93.84 (6.05) 96.15 (4.58) 
Pupils with hearing loss. Cohort 1 
63.29 (23.24) 68.98 (21.97) 
60.17 (26.58) 67.77 (23.82) 
Pupils with hearing loss. Cohort 2 
58.01 (21.48) 62.11 (23.79) 
53.68 (28.31) 60.87 (28.84) 
Grade 7 
69.73 (21.91) 
65.66 (30.00) 
A general linear model repeated measures procedure [GLM, repeated measures 
analysis of variance (ANOVA)] (SPSS version 15.0) was performed to analyze the 
development from Grade 4 till 6. In this model, Hearing Status was used as 
'between-subjects' factor, and both Time and Task Type were taken along as 
'within-subjects' factors. Time had three levels (Grade 4, Grade 5, and Grade 6) and 
Task Type had two levels (lexical decision task and use decision task). Mauchly's 
test indicated that the assumption of sphericity had not been violated. 
Results showed that there was a main effect of Hearing Status: F (1, 180) = 
202.92, ρ < .001, Wilks' λ = .44; and a main effect of Time: F (2, 179) = 143.23, ρ < 
.001, Wilks' λ = .39. Next to the main effects, there was an interaction effect of Time 
by Hearing Status: F (2, 179) = 34.82, ρ < .001, Wilks' λ = .72; and of Task Type by 
Hearing Status: F (1,180) = 37.84, ρ < .001, Wilks' λ = .83. Furthermore, there was 
a three-way interaction of Time by Task Type by Hearing status: F (2,179) = 7.06, 
ρ <.005, Wilks'λ =.93. 
From Table 5.1 it can be concluded that children obtained higher scores over 
time. However, the rate of development depended on hearing status and type of 
task. The children with hearing loss made more progress than the hearing children. 
Furthermore, children with hearing loss progressed more on the use decision task 
than on the lexical decision task whereas hearing children progressed more on the 
lexical decision task. However, the scores of the children with hearing loss were 
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much lower in Grade 4 than the scores of the hearing children, indicating more 
opportunity to improve. Similarly, children with hearing loss obtained lower 
scores on the use decision task than on the lexical decision task in Grade 4, 
whereas hearing children obtained lower scores on the lexical decision task than 
on the use decision task. 
Change of lexical competence in children with hearing loss 
The LISREL program for structural equation modeling (SEM) was used to 
estimate the change of lexical competence in children with hearing loss, and the 
predictors of this change. First, the change or stability of lexical decision and use 
decision were investigated with a lag-1 simplex model. The underlying assumption 
in this model is that a child's ability on a particular measurement occasion can be 
explained best by the same ability assessed on a previous measurement occasion. 
The autoregressive effects in this model are commonly interpreted as stability 
parameters. To determine the goodness of fit for the estimated models, a chi-
square test (χ2, with degrees of freedom and ρ value) is often used, as well as the 
goodness of fit index (GFI), adjusted GFI (AGFI), normed fit index (NFI), and root 
mean square error of approximation (RMSEA). The fit of a model is satisfactory 
when the GFI, AGFI, and NFI are greater than .90 and the RMSEA does not exceed 
.08. In the case of a small sample size, which presents our situation, the chi-square 
test overestimates the fit, whereas the RMSEA is too rigorous and underestimates 
the fit of the model. The structural parameters (i.e., standardized regression 
coefficients) were estimated using the maximum likelihood (ML) method. Results 
for Cohort 1 and Cohort 2 on the lexical decision task are depicted in Figure 5.1a 
and 5.1b, and for the use decision task in Figure 5.1c, and 5.Id. 
The simplex model in which the achievement on a previous occasion was 
assumed to predict the achievement on the next occasion was tested for Cohort 1 
and Cohort 2 for both the lexical decision task and the use decision task. The fit 
was found to be good for the model of Cohort 1 and Cohort 2 on the lexical decision 
task [χ2 = .46, df = 1, ρ = .50, GFI = .99, AGFI = .95, NFI = .99, and RMSEA < .01; and 
χ
2
 = .03, df = 1, ρ = .87, GFI = 1.00, AGFI = 1.00, NFI = 1.00, and RMSEA < .01, 
respectively). The fit of the model for the use decision task was satisfactory for 
Cohort 1 (χ2 = 1.68, df = 1, ρ = .20, GFI = .97 AGFI = .83, NFI = .98, and RMSEA = .13) 
and perfect for Cohort 2 (χ2 = .00, df = 1, ρ = .98, GFI = 1.00, AGFI = 1.00, NFI = 1.00 
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and RMSEA < .01). In general the GFI, AGF1, and NFI exceed the upper bound of .90, 
whereas the RMSEA index did not exceed the lower bound of .08. 
The stability of these simplex models indicated that achievement on a previous 
occasion is such good predictor of performance in a given year that it left little to 
no space for other factors to account for lexical development. 
Predictors of lexical competence 
After examining the longitudinal relations; the relation between the 
background variables and the measurement variables was investigated by testing 
regression models. A model with the autoregressive effects for the lexical decision 
task and the use decision task from Grade 5 to Grade 6 constituted the starting 
point for these analyses. This enabled us to pool data from Cohort 1 and Cohort 2 
to provide a larger sample size. 
LDT Grade 4 
.88 
LDT Grade 5 
.94 
LDT Grade 6 
Model a 
LDT Grade 5 
.86 
LDT Grade 6 
.92 
LDT Grade 7 
Model b 
UDT Grade 4 
.95 
UDT Grade 5 
.94 
UDT Grade 6 
Model c 
UDT Grade 5 
.94 
UDT Grade 6 
.95 
UDT Grade 7 
Model d 
Figure 5.1 a - d. Simplex models for the two cohorts of children with hearing loss: Modeling 
development from Grade 4 to Grade 6 for the lexical decision task (LDT) (Model a) and the 
use decision task (UDT) (Model c), and from Grade 5 to Grade 7 for both tasks (Model b and 
d). 
The number of predictors (and background variables) in our study is too large 
compared to the number of observations. When all predictors would be included in 
the model at once, the estimates could become very unreliable or even not 
identified. In order to work around this problem we have used a selection 
procedure for the predictors. Therefore, data of Cohort 1 and Cohort 2 of the 
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children with hearing loss were combined and analyzed in SPSS. Correlations were 
calculated, using Kendall's tau test of statistical significance, to identify variables 
that significantly correlated with performance on the lexical decision task and the 
use decision task. 
The findings of the correlation analysis for the scores on the lexical decision 
task and the use decision task were very similar (Table 5.2). Use of sign language at 
home, intelligence, the absence of a hearing device, and educational placement 
correlated significantly with the scores in Grade 5 on both the lexical decision task 
and the use decision task. Moreover, onset of deafness also correlated significantly 
with the scores on the use decision task. From Table 5.2 it can be conducted that 
the significant predictors of performance on a given moment were inter-
correlated. Educational placement was significantly correlated with sign language 
use at home (r = .38, ρ < .01), with onset of deafness (r = .47, ρ < .01), and with 
intelligence (r =-.32, ρ < .01). Thus, children in mainstream settings less often use 
sign language at home, and are more likely to have become deaf after the age of 
three and to have a higher intelligence. Besides, use of sign language at home 
correlated significantly with the absence of hearing devices (r = .27, ρ < .05), 
indicating that children without hearing devices more often use sign language at 
home. 
We tested a path model with SEM for the lexical decision task and for the use 
decision task. The scores on the tasks in Grade 5 and Grade 6 were taken as 
measurement variables. Latent variables in the lexical decision task model were 
use of sign language at home, intelligence, the absence of a hearing device, and 
educational placement. In the use decision task model, use of sign language at 
home, intelligence, the absence of a hearing device, educational placement, and 
onset of deafness were the latent variables. Results can be found in Figure 5.2a and 
5.2b. The fit was found to be good for both the model with the lexical decision task 
as dependent variable, and for the model with the use decision task as dependent 
variable; χ2 = 3.12, df = 7, ρ = .87, GFI = .99, AGF1 = .96, NFI = .98 and RMSEA < .01; 
and χ2 = 3.49, df = 11, ρ = .98, GFI = .99, AGF1 = .97, NFI = .98 and RMSEA < .01, 
respectively. 
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Table 5 2. Correlation matrix between the scores on the lexical decision task (LDT) and the use 
decision task (UDT) and the background variables, plus correlations between the background 
variables that significantly correlated with the two tasks and other background variables. 
Background variables 
Language used at home 
Spoken Dutch 
Other Language 
Sign Language 
Intelligence 
Onset deafness 
(prelmgual = 1) 
Hearing loss better 
unaided ear 
[loss > 90 dB = 1) 
Hearing Devices 
Wo device 
Conventional hearing aid 
CI after age 5 
CI between age 2 and 5 
CI before age 2 
Educational placement 
(Special School = 1) 
Deaf Family members 
Sex 
Tasks 
in 
0) 
•a 
to 
u 
a 
.06 
-.14 
-.31 ** 
32** 
-13 
-.12 
-.21* 
.06 
-02 
.06 
.15 
-.46 ** 
.05 
.05 
in 
υ 
•a 
2 
o 
E-
Q 
.06 
-.05 
-.36 ** 
.36** 
-.22* 
-.16 
- 2 6 * 
.08 
.03 
.01 
.15 
-.48 ** 
.01 
.06 
Significant background variables 
υ 
QO 
πι 
3 
bo 
E 
2 
e 
op 
( Λ 
-.11 
-.24* 
-
-.19 
.15 
.12 
.27* 
-.01 
.01 
-.10 
-.23* 
.38* 
.18 
.10 
ω 
υ 
e 
υ 
SP 
-M 
e 
-.06 
-.16 
-.19 
-
-.02 
.07 
.01 
.02 
.02 
-.12 
.19 
-.32* 
-
.06 
VI 
C/ì 
0) 
Π3 
HI 
•a 
<u 
cn 
e 
ο 
12 
-.01 
.15 
-.02 
-
-.05 
.10 
-.00 
-.27 
.16 
.05 
47** 
-01 
.02 
ω 
υ 
> 
ω 
XI 
ο 
Ζ 
-.04 
-.07 
27* 
.01 
.10 
.14 
-
-
-
-
-
.16 
-.04 
.09 
g g 
•Ε Ρ 
u Φ 
-a ™ 
ω OH 
00 
.12 
.38** 
-32** 
47** 
.05 
.16 
.05 
-.14 
.01 
-.15 
-
-.15 
-.13 
* Correlation is significant at the 0.05 level (2-tailed] 
** Correlation is significant at the 0.01 level (2-tailed) 
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Educational Placement 
Use of Sign Language at home 
Intelligence 
Hearing Device 
LDT Grade 5 .90 LDT Grade 6 
Educational Placement 
Use of Sign Language at home 
Intelligence 
Hearing Device 
Onset Deafness 
UDT Grade 5 
.94 
UDT Grade 6 
Figure 5.2. Path model for the lexical decision task (Model a) and the use decision task 
(Model b): Significant predictors of the tasks (standardized regression coefficients). 
Forty-two percent of the variance in the scores on the lexical decision task in 
Grade 5 can be explained by the variables educational placement, use of sign 
language at home (either sign language of the Netherlands or Sign Supported 
Dutch), intelligence, and use of hearing devices. The unstandardized estimates of 
the model (maximum score of 100 and controlled for the other variables) showed 
that children in special education scored on average 24.3 points lower than 
children in mainstream education. Furthermore, children that use sign language at 
home score 6.1 points lower than children that do not at all use sign language at 
home, more intelligent children score 5.7 points higher than less intelligent 
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children, and children with no hearing devices score 10.6 points lower than 
children with hearing devices. 
Fifty-one percent of the variance in the scores on the use decision task in Grade 
5 can be explained by the variables educational placement, use of sign language at 
home, intelligence, use of hearing devices and onset of deafness. The 
unstandardized estimates of the model (maximum score of 100 and controlled for 
the other variables) showed that children in special education scored on average 
24.3 points lower than children in mainstream education while controlling for the 
other variables in the model. Furthermore, children that use sign language at home 
score 11.4 points lower than children that do not at all use sign language at home, 
more intelligent children score 9.1 points higher than less intelligent children, and 
children with no hearing devices score 17.6 points lower than children with 
hearing devices. Finally, children of whom the onset of hearing loss is prelingual 
score 3.2 points lower than children of whom the onset of hearing loss is 
postlingual. 
Discussion 
In the present study, we examined which factors influence reading vocabulary 
(development) in children with hearing loss. First of all, we studied the effect of 
hearing status on development by comparing the reading vocabulary of children 
with and without a hearing loss over time. Next, we examined the change in 
reading vocabulary knowledge in children with hearing loss over time. Finally, we 
explored which variables can account for the differences in lexical performance 
among children with hearing loss. 
Our results show that pupils with hearing loss obtain lower scores on the 
reading vocabulary tasks than their hearing peers, both measured with our word 
form recognition task (lexical decision task) and our (in)correct usage recognition 
task (use decision task). However, over time the difference in performance 
between children with and without a hearing loss becomes smaller: The children 
with hearing loss show greater progress on the two tasks than the hearing 
children. Nonetheless, based on the results of our study, it cannot be claimed that 
the children with hearing loss close the gap in vocabulary knowledge, since the 
hearing children could not improve as much on the two tasks due to a ceiling 
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effect Suppose we used a more difficult task on which the hearing children scored 
moderately, then the hearing children would also have ample opportunity to grow. 
In that case, we would expect that the gap in performance on the vocabulary task 
between hearing and children with hearing loss would not close, and might even 
widen. 
The development of the children with hearing loss on the two tasks over time is 
extremely stable. Differences between children remain the same over time and a 
child's ability on a particular measurement occasion can be explained best by the 
same ability assessed on a previous measurement occasion. The starting level of a 
child predicts for about 90% how a child will perform on a later measurement 
point, leaving little space for other factors to account for the development of 
children with hearing loss. This does not mean that children do not benefit from 
education, or interventions, but mainly that the size of the effect will depend on the 
particular child. 
Due to the strong autoregressive effects we did not find any background 
variables that predicted development. However, we could predict variance at 
starting level with only a few variables. Our results show that the presence of 
hearing devices, level of intelligence, language used at home, educational 
placement and, to some extent, onset of deafness, explain the variance within the 
group of children with hearing loss for about 50 %. 
The positive influence of intelligence was to be expected, however, the 
influence of educational setting is striking. Yet, it is important to note that 
educational placement was significantly correlated with language used at home, 
onset of deafness and intelligence. This interrelatedness might mean that it is not 
educational setting but the child variables in a mainstream setting that cause 
higher scores. The results indicate that children in mainstream settings are less 
likely to use sign language at home, but are more likely to have become deaf after 
the age of three, and have a higher intelligence. It could also be said that certain 
subgroups of children who became deaf after the age of three and have a higher 
intelligence, are more likely to be mainstreamed. This is in line with the findings of 
Allen (1992), who showed that subgroups defined by degree of hearing loss, age, 
ethnic and racial background, and additional handicaps differed with regard to 
104 
Roles of child, family, and educational variables 
educational setting. Clearly, the benefits of educational setting depend on the 
characteristics of a child (Marschark & Hauser, 2008). 
Furthermore, it is to be noted that educational setting represents a factor not 
taken along in the present study, such as the ability to produce and perceive 
spoken language. Geers (2002) showed that children are more likely to be placed 
in mainstream classes, when they achieve more intelligible speech. Informal 
observations in the present study during task administration revealed that almost 
all, if not all, children with hearing loss in mainstream settings have good speech 
reading skills as well as intelligible speech. 
In line with findings of Ritter-Brinton (1993) we did not find hearing status of 
family members to emerge as a factor on achievement, but only language used at 
home emerged as a significant family variable. We found a negative effect of sign 
language use at home on reading vocabulary knowledge. This is probably 
connected with the significant correlation of use of sign language at home with the 
absence of hearing devices: Children who use sign language at home are more 
often the children without hearing devices. Both the absence of hearing devices 
and the use of sign language at home will be on the expense of levels of (received) 
spoken language input Research has shown that the reading vocabulary of hearing 
children is build upon their spoken language vocabularies (Hanson, Shankweiler, & 
Fischer, 1983; Leybaert, 1993). If we assume that this applies to children with 
hearing loss as well, even though maybe only partly, than the reduced input of 
spoken language input can explain the negative effect on reading vocabulary 
knowledge. 
In the present study we found a negative effect of the absence of any hearing 
device. However, we did not find a positive effect of cochlear implantation nor of 
residual hearing. Most probably the children who have been implanted (at an early 
age) have a greater hearing loss than the children that have not been implanted. 
This idea is supported by the strong negative correlation between hearing loss and 
conventional hearings aids (r = -.477, ρ = < .01). Children with a hearing loss of 90 
dB or greater are less likely to have conventional hearing aids. That these two 
variables can interact is discussed in several studies (Eisenberg, Kirk, Martinez, 
Ying, & Miyamoto, 2004; Fagan & Pisoni, 2010; Nicholas & Geers, 2007). Eisenberg, 
et al. (2004) investigated vocabulary development in children with hearing aids 
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and children with cochlear implants. They suggested that although children with 
cochlear implants might have similar hearing thresholds as children with hearing 
aids after implantation, they have significantly lower hearing thresholds before. 
Therefore, children with hearing aids have early access to auditory and spoken 
language information, whereas (later) implanted children do not have access to 
this information before implantation. Moreover, Nicholas and Geers (2007) found 
that children who received an implant at younger ages had lower hearing 
thresholds than those who received an implant somewhat later, and greater 
hearing loss before implantation was associated with lower language scores at 3.5 
and 4.5 years of age (Nicholas & Geers, 2007). Thus, delays in vocabulary 
knowledge in cochlear implanted children might partly reflect diminished access 
to auditory and spoken language information before implantation (Fagan & Pisoni, 
2010). Thus, in our study the positive effect of either residual hearing or cochlear 
implantation on lexical competence is probably counterbalanced by a negative 
relationship with the other variable. Therefore, the only remaining effect on task 
performance in our study is absence of any hearing device. We assume that in a 
data set with children who are all hard-of hearing or who are all deaf, one would 
see an effect of degree of hearing loss, respectively age of implantation. 
Powers (2003) found that additional handicapping predicted English language 
scores significantly. About 44% of the children with a hearing loss have additional 
handicaps and this co-morbidity probably has a large influence on acquiring 
language, depending on the nature of the handicap. However, in the present study 
we have not taken into account the presence of additional problems. In the 
questionnaire we did ask teachers to indicate whether children had officially 
diagnosed learning problems, behavioral problems or other disabilities. About 
33% of the children indeed had additional problems, ranging from dyslexia to 
autism to Usher syndrome. However, since the nature of the problems was so 
diverse, we did not take this variable into account. Nonetheless, it is possible that a 
part of the remaining variance can be accounted for by additional disabilities, and 
that these additional disabilities are one of the reasons why children are in special 
schools. 
Social-economic status (SES) has also been found to significantly influence 
vocabulary knowledge. In the current study we asked teachers for information 
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about educational level of parents of children with hearing loss. However, the 
response rate to this question was only 33%, making it impossible to take this 
factor along as a family variable. Yet, based on previous research it might be 
expected that SES also accounted for a considerable part of the remaining variance 
in lexical competence. 
In the present study we measured longitudinally two forms of reading 
vocabulary in children with and without hearing loss. Our results show that not 
only size and depth of vocabulary knowledge depends on hearing status, but also 
growth of vocabulary knowledge. Moreover, our results show that differences 
among children with hearing loss remain stable over time due to the stability of 
vocabulary development within children. Significant predictors of the differences 
among children with hearing loss are intelligence, use of hearing devices, language 
used at home and educational placement. However, these variables only predict 
lexical competence on a given moment, and not developmental rates. Thus, 
although background variables can explain a substantial part of the variance 
within children with hearing loss, the best predictor of achievement is still some 
measure of previous attainment Our findings emphasize the importance of early 
diagnosis of (profound) hearing loss, early amplification or cochlear implantation, 
early linguistic experience, and early vocabulary intervention. 
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Chapter 6 
The Role of Hearing Status in Reading Development: 
A Longitudinal Perspective* 
Abstract 
We investigated the idea that reading comprehension skills largely depend on 
the quality of different lexical components. Furthermore, we investigated whether 
these relations were similar for children with and without hearing loss. Over a 
period of four years starting in Grade 3, we administered a set of tasks that tap the 
quality of different components of lexical knowledge and reading comprehension. 
Results showed that decoding skills influence vocabulary knowledge both in 
children with and without hearing loss. Importantly, results support a positive role 
for the quality of the mental lexicon on reading comprehension. The absence of an 
effect of hearing status on word decoding suggests that the reading comprehension 
problems of children with hearing loss in our study could be explained by a lack of 
reading vocabulary. 
* An adapted version of this chapter has been submitted. 
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Introduction 
In order to comprehend text on the blackboard, a computer screen, or in text 
books, diagrams, and test questions, one has to derive a representation from the 
printed input and retrieve semantic information from the mental lexicon based on 
this representation. Linguistic comprehension then allows the reader to use this 
semantic information to interpret the instruction, question, etc. An important 
factor in this process is the quality of the mental lexicon. The quality of the 
representation of both the form and the meaning of a word in the mental lexicon, 
the lexical quality, determines how fluently and accurately the word is identified 
and its meaning retrieved (Perfetti, 2007; Perfetti & Hart, 2002). 
Hearing loss, defined in the context of this study as profound bilateral hearing 
loss, can influence the quality of the mental lexicon. Hearing loss can affect the 
child's phonological development, which in turn affects word decoding skills and 
word form representations (Moeller, Tomblin, Yoshinaga-Itano, Connor, & Jerger, 
2007). Furthermore, due to the very nature of hearing loss, children with hearing 
loss have fewer word-learning opportunities (Fagan & Pisoni, 2010), which can 
have consequences for their orthographic and semantic representations of words. 
After all, a high quality word representation can be acquired only by frequent 
encounters with a word (Luckner & Cooke, 2010; Perfetti & Hart, 2002). 
Many children with severe hearing loss not just lag behind, but stagnate at a 
very low level of reading comprehension. Wauters, van Bon & Tellings (2006) 
showed that most students with hearing loss between seven to 20 years of age 
performed at the reading comprehension level of 7-year-old hearing participants, 
on average. Only 4% of the students with hearing loss in their study were reading 
at an age-appropriate level. And to reach a Grade 2 reading comprehension level 
more than 88% of deaf participants (N=463) needed ten years of instruction. In 
order to tackle the important issue of low reading comprehension scores in 
children with severe hearing impairment, it is necessary to have a good 
understanding of the developmental trajectory from decoding to reading 
comprehension. In the present study we examined how different components of 
lexical knowledge and reading comprehension relate over time both in children 
with and without hearing loss in the primary grades. To our knowledge, this is the 
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first study in which the development of the mental lexicon has been studied over 
time in children with and without hearing loss concurrently. 
Reading and the mental lexicon 
The mental lexicon contains information regarding the meaning of a word, its 
form, pronunciation, syntactic characteristics and so on. This knowledge of words 
stored in the mental lexicon has a key role in reading comprehension. Word 
knowledge, or vocabulary, is essential both for understanding words and 
sentences, for deriving the meaning of unknown words from the context, and for 
making text-connecting and gap-filling inferences (Cain & Oakhill, 1999; Cain, 
Oakhill, & Lemmon, 2005). Many studies have shown a strong relationship 
between vocabulary and reading comprehension (e.g., Aarnoutse & van Leeuwe, 
2000; Anderson & Freebody, 1981; Beck, Perfetti, & McKeown, 1982; Curtis, 
Collins, Gitomer, & Galser, 1983; Eldredge, 1990). Children's early vocabulary even 
predicts later reading comprehension (Verhoeven, van Leeuwe, & Vermeer, 2011). 
For a word to be facultative in reading comprehension, one should have 
multifaceted or deeper word knowledge, including knowledge of multiple 
meanings, shades of meaning, figurative usages, related concepts, and knowledge 
of its meanings in different contexts and of its different morphological forms 
(Graves, 2006; Kieffer & Lesaux, 2010; Paul, 1996; Stahl & Nagy, 2006). To create 
such a knowledge network requires encountering a word in many contexts. Lexical 
representations are continuously restructured within a self organizing neural 
network (the mental lexicon) to create this knowledge network (Verhoeven et al., 
2011). 
From decoding to reading 
For reading comprehension to be successful, word forms must be decoded 
correctly and word meanings easily accessed (Verhoeven & Perfetti, 2011). 
Although the relationship between word reading and comprehension is complex 
due to its recurrent nature, it begins with word reading (Hart, 1991). Hoover and 
Gough (1990) define decoding skills as the ability to derive a representation from 
printed input. To decode an alphabetic language one has to map graphemes on 
phonemes. A known problem for less skilled readers is their lack of linkage 
between orthographic and phonological structures (Perfetti & Hart, 2002). The 
observation that children who have problems with reading comprehension often 
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also have word identification problems is the basis of what Perfetti and Hart call 
the lexical quality hypothesis (LQH). 
The LQH suggests that both knowledge of word form and knowledge of the 
word meaning are essential in reading comprehension. According to the lexical 
quality hypothesis word representations are triples of phonological, orthographic 
and semantic specifications, in which the semantic component is constituted of 
both meaning and grammatical information (Perfetti & Hart, 2002). High quality 
word representations consist of tightly bound sets of the three specifications and 
are formed through frequent encounters with a word in differing contexts. 
Through these encounters, or lexical experiences, the coherence between the 
different knowledge components and the reliability of each component is 
strengthened and thus the quality of the word representation is improved (Perfetti 
& Hart, 2002). This is important, because variation in quality in (any of) the 
components has an effect on comprehension (Perfetti, 2007). From this viewpoint, 
vocabulary growth includes both the growth of the number of words in the mental 
lexicon and the refinement of the word representations (Verhoeven & Perfetti, 
2011). 
Role of hearing status 
Children with hearing impairment have a strong tendency to have persistently 
low reading comprehension scores (Traxler, 2000; Wauters, van Bon, & Tellings, 
2006). Since successful comprehension depends both on correctly decoding word 
forms and on easy access to word meanings (Verhoeven & Perfetti, 2011) either or 
both of these aspects could cause reading comprehension problems in children 
with hearing impairment. 
Phonological awareness plays a crucial role in word decoding in children with 
normal hearing (Stothard & Hulme, 1995; Swank & Catts, 1994) and decoding has 
also been shown to be negatively related to reading delay in children with hearing 
loss (Dyer, MacSweeney, Szczerbinski, Green, & Campbell, 2003). Several studies 
have reported a positive longitudinal relation between phonological awareness 
and reading in children with hearing loss (Colin, Magnan, Ecalle, & Leybaert, 2007; 
Dyer et al., 2003; Harris & Beech, 1998). Hearing loss negatively affects 
phonological development and thus word decoding skills in children with hearing 
impairment (Moeller et al., 2007). However, although the reading comprehension 
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scores of children with hearing loss are considerably lower than those of their 
hearing peers, studies have found that their decoding skills are only slightly below 
those of hearing children (Fischler, 1985; Wauters et al., 2006). 
In children with normal hearing, both the number of word representations in 
tue mental lexicon and the quality of these representations directly affect reading 
comprehension (Ouellette, 2006; Perfetti & Hart, 2002). Word knowledge has also 
been found to be closely related to reading comprehension in children with 
hearing loss (Garrison, Long, & Dowaliby, 1997; Hermans, Knoors, Ormel, & 
Verhoeven, 2008; Kyle & Harris, 2006; Luetke-Stahlman & Nielsen, 2003). 
However, due to the very nature of hearing loss, children with hearing loss have 
fewer word-learning opportunities and that has a negative impact on their 
orthographic and semantic word representations. After all, frequent encounters 
with words in differing contexts increases the number of words in the mental 
lexicon and refines the lexical representation of each word. Studies have indeed 
shown that, on average, the size as well as the depth of the vocabulary of children 
with hearing loss is lower than that of their hearing peers (Kelly, 1996; Marschark, 
Lang, & Albertini, 2002; Paul, 2003; Pittman, Lewis, Hoover, & Stelmachowicz, 
2005; Traxler, 2000). Therefore, children with hearing loss know fewer words and 
they know these words less well. 
Present study 
In the present study, we used a longitudinal design to gain insight in the 
structures of the mental lexicon and the influence of hearing status on these 
structures. We administered a number of tasks measuring various components of 
lexical knowledge and reading comprehension to a group of children with normal 
hearing and a group of children with hearing loss over a period of four academic 
years, starting in Grade 3. Next, we examined how these components related to 
each other and to reading comprehension over time, and how hearing status 
influenced both performance on the separate components and the relation 
between the components. 
We used the components of the LQH (phonological, orthographic and semantic 
components) as a starting point. We hypothesized that, from a logical viewpoint, a 
word representation starts with knowledge about the form (either phonologic or 
orthographic), followed by knowledge about meaning and finally, knowledge about 
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how to use a word is acquired. Therefore, we assessed children's decoding skills in 
the first academic year. In the second year we administered a lexical decision task 
that measures minimal word knowledge by measuring whether children could 
distinguish words from pseudo words. Finally, we administered a use decision task 
that measured pragmatic knowledge by assessing whether children could 
recognize the correct usage of a word. Note that these components of lexical 
knowledge are not acquired sequentially but simultaneously, nor can the tasks be 
seen as 'pure' measures of the individual components of LQH. They assess 
performance that is supported by multiple knowledge sources and the most one 
can say is that a given task requires knowledge about one or more targeted 
components All of the components together represent the quality of a child's 
mental lexicon, which we hypothesize will influence the child's reading 
comprehension skills. To verify this hypothesis, a reading comprehension task was 
administered in the fourth year. Figure 6.1 shows how we integrated the tasks to 
measure the different components of lexical quality as well as reading 
comprehension into one model 
Phonology Orthography 
^ 7^-
Decoding skills 
Semantics 
Lexical decision 
Pragmatics 
Use decision 
Reading comprehension 
Figure 6 1 Relationships between lexical components in the mental lexicon consisting of 
interacting phonological, orthographic, semantic, and pragmatic components resulting in 
reading comprehension 
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Method 
Participants 
In this longitudinal study we followed a group of 124 children over four years. 
Of this sample of 124 children, 64 children had normal hearing and 60 children 
had a hearing loss. The group of children with normal hearing consisted of 31 boys 
and 33 girls who were all in Grade 3 at measurement point 1 and had a mean age 
of 9 years 2 months [SD = 7 months). The group of children with a hearing loss 
consisted of 36 boys and 24 girls who were in Grade 3 through 6 at measurement 
point 1 and had a mean age of 10 years 7 months [SD = 15 months). Of the 60 
children with hearing impairment, 13 were in mainstream schools and 47 were in 
special schools for the deaf. The children with normal hearing in the sample were 
all classmates of the children with hearing loss in mainstream schools. All children 
with hearing impairment had severe to profound hearing loss. Detailed 
information about the children with hearing loss can be found in Appendix E. 
Materials 
In this study children completed a number of tasks designed to tap 
orthographic and semantic components of lexical knowledge and reading 
comprehension. All of the tasks were paper-and-pencil tasks allowing only 
measures of accuracy. We designed the reading vocabulary tasks ourselves and we 
used the same words in the two reading vocabulary tasks and similar words in the 
reading comprehension task. 
Decoding skills. We used the two-syllable version of van Bon's paper-and-
pencil lexical decision task (2007; more information in: van Bon, Hoevenaars, & 
Jongeneelen, 2004) to determine the decoding-level of each child. The list consists 
of 90 words and 30 pseudo words in three columns. There are four versions of the 
list with different orders. This decoding task is specifically meant to measure 
decoding skills and not vocabulary (van Bon, 2007). To prevent the child's 
vocabulary size from affecting the results, the van Bon task consists of words 
chosen from the Streeflijst Woordenschat [Target list vocabulary for six-year-olds] 
(Schaerlaekens, Kohnstamm, & Lejaegere, 1999). Results have shown that this 
paper-and-pencil lexical decision task correlates highly with oral reading tasks that 
are usually used to assess children's word decoding skills (2007; more information 
in: van Bon et al., 2004). 
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Lexical and use decision task. Reading vocabulary knowledge was measured 
using a lexical decision task and a use decision task. The 100 target words in the 
lexical decision task and use decision task came from the 2004, 2005, and 2006 
Cito Eindtoets Basisonderwijs [Cito End of Primary School Test, henceforward Cito 
test]. About 90% of Dutch primary schools administer the Cito test in Grade 6 (end 
of primary school) to determine which type of secondary school is suitable for each 
student Words from these tests can therefore be seen as an implicit norm for 
words that should be known at the end of primary school. Target words in this 
study were randomly selected from a representative word list that was made 
based on these Cito tests. A detailed description of the construction of this 
representative word list can be found in Chapter 2. 
In the lexical decision task children were presented with letter strings that 
formed either a word or a pseudo word and the task of the child was to decide 
whether a particular string formed an existing word or not. In the use decision task 
each target word was presented in four short sentences. Children had to choose in 
which sentence the target word was used best. The incorrect alternatives were 
syntactically and morphologically correct but semantically incorrect (e.g., The train 
sings, The train sleeps, The train walks and the correct alternative: The train goes). 
Reading comprehension. Reading comprehension was measured with three 
texts and 25 multiple choice questions that each had four answer alternatives. 
There were 10 questions about the first text, 8 about the second text, and 7 
questions about the third text. Texts and questions came from the 2004, 2005, and 
2006 Cito test 
Procedure 
We collected data using a longitudinal design. In the first academic year we 
administered the decoding skills task, in the second year children carried out the 
lexical decision task, and in the third year children carried out the use decision 
task. In the fourth year the reading comprehension task was administered. Three 
of the 124 children did not take the decoding task in Year 1, two children did not 
take the lexical decision task in Year 2 and one child did not take the use decision 
task in Year 3. All tasks were administered in the child's classroom by the first 
author. 
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Decoding skills. In the paper-and-pencil lexical decision task, children were 
presented with 120 words arranged in three columns on a page. The children were 
asked, to cross out the pseudo words, working from top to bottom, column by 
column, as quickly and as accurately as possible. After one minute, the 
experimenter said 'Stop' and the children had to put a double line under the last 
word they read. 
Lexical and use decision task. One hundred target words were presented in 
both the lexical decision task and the use decision task with 80 different filler 
words to avoid a learning effect These 160 filler words (80 for the lexical decision 
task in Year 2 and 80 for the use decision task in Year 3) were randomly selected 
from the representative word list. Hence, children received 180 words (100 target 
and 80 filler words) in both the lexical decision task and the use decision task. To 
reduce the workload, these tasks were administered over three sessions. To 
minimize any potential test-retest effect, the children were not provided with 
feedback on the correctness of lexical decision task and use decision task items. 
To administer the lexical decision task, the 100 target and 80 filler words and 
their accompanying pseudo words were divided over three word lists; one for each 
session. Importantly, the 100 target words and accompanying 100 pseudo words 
of our study were semi-randomly divided over the word lists, in order that the 
words were distributed equally over the three lists. The use decision task in Year 3 
contained the same 100 target words as the lexical decision task in Year 2, though 
in a different order. For the use decision task, children were asked to read the 
target word and the four sentences, and to choose the sentence in which the target 
word was used best. 
Reading comprehension. Children received a booklet containing a written 
instruction, the three texts, and the 25 questions. They also received an answer 
sheet Children were asked to first read the text and then answer the questions. 
The task was to choose the best answer and tick the correct answer on the answer 
sheet. 
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Results 
Descriptive statistics 
We used the raw score for the decoding skills task, taking into account the 
number of words and pseudo words a child had judged minus the wrong answers, 
the maximum score being 120. The scores on the lexical decision task were 
corrected for guessing as well as for the individual's response style using the 
correction formula developed by Huibregtse, Admiraal, and Meara (2002); scores 
were multiplied by 100 resulting in a maximum score of 100. We used the 
correction formula for blind guessing (Beeckmans, Eyckmans, Janssens, Dufranne, 
& van de Velde, 2001) to correct the scores on the use decision task and the 
reading comprehension task (maximum scores of 100 and 25, respectively). In 
Table 6.1, the means and standard deviations for the word decoding task, the 
lexical decision task, the use decision task, and the reading comprehension task are 
presented as a function of hearing status and grade. 
Table 6.1. Mean scores for the decoding skills task (DS), lexical decision task (LDT), the use 
decision task (UDT), and the reading comprehension task (RC) for the different groups. 
Task 
DS - Year 1 
LDT - Year 2 
UDT - Year 3 
RC - Year 4 
Children with 
normal hearing 
Grade 3 
π = 64 
45.19 (14.56) 
89.81 (5.78) 
95.14 (3.58) 
14.46 (5.58) 
Children 
Grade 3-4 
n = 1 8 / n = 2 
34.63 (27.47) 
64.17 (27.50) 
66.99 (29.05) 
6.78 (9.01) 
with hearing loss 
Grade 5-6 
n = 2 9 / n = l l 
49.15 (23.96) 
65.15 (22.32) 
68.53 (25.04) 
6.22 (7.48) 
Assumptions of normally distributed data were checked in both groups. The 
scores on the lexical decision task, the use decision task and the reading 
comprehension task were positively skewed (respectively ζ = 2.69; 4.00; and .53) 
in the group of children with normal hearing, and the scores on the decoding task 
were negatively skewed (z = 1.42). Lexical decision task and use decision task 
scores were positively skewed (respectively ζ = 1.57 and 1.97) in the group of 
children with hearing loss, whereas their scores on the decoding and reading 
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comprehension task were negatively skewed (respectively ζ = .50 and 2.20). 
Nonetheless, the kurtosis statistics show that the scores on the tasks are normally 
distributed in both groups (z < 1.96), except for the scores on the use decision task 
in the group of children with normal hearing [z = 2.52). The standard deviations 
indicated considerable variation within the group of children with hearing loss, 
and variances were not the same throughout the groups. Therefore, equal 
variances were not assumed while performing t-tests. 
Independent sample t-tests were done to examine group differences (with 
versus, without hearing loss) on each task. As can be seen in Table 6.2, results 
showed that children without hearing loss scored significantly better than the 
children with hearing loss on the reading vocabulary and reading comprehension 
tasks, but not on the decoding task. This was true both when the children with 
normal hearing were compared with only the children with hearing loss in Grade 3 
and 4, and when the children with normal hearing were compared with the entire 
group of children with hearing loss. 
Table 6.2. Independent sample t-tests: Children with normal hearing versus children with 
hearing loss, equal variances not assumed. 
Only Grade 3-4 All Grades 
Task t df Sig. (2-tailed) t df Sig. (2-tailed) 
DS-Yearl 1.61 21.14 .12 .21 88.24 .84 
LDT-Year2 4.14 19.54 <.001 7.80 64.31 < .001 
UDT-Year3 4.32 19.18 < .001 7.94 61.10 < .001 
RC-Year4 3.60 23.73 <.001 6.49 105.15 < .001 
Structural modeling 
We first examined the effect of age for both the children with normal hearing 
and the children with hearing loss, per task. Results showed that age was not 
significantly correlated with any of the tasks we administered in the group of 
hearing children (r, .01 to -.22; p-values > 0.05), nor in the group of children with 
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hearing loss (r, -.08 to 23, p-values > 0.05). Next, a series of LISREL analyses 
(Joreskog & Sorbom, 1996) were conducted to explore the performance on and the 
relations between decoding, reading vocabulary, and reading comprehension and 
the influence of hearing status. The structural parameters (i.e., standardized 
regression coefficients) of each model were estimated using the maximum 
likelihood (ML) method, even though some variables were not normally 
distributed Robustness studies indicate that the so-called "quasi maximum 
likelihood" estimator is robust under quite general conditions (e.g Satorra, 1992). 
The fit of each model was evaluated using chi-square analyses and various fit 
indices goodness of fit index (GFI), adjusted GFI (AGF1), normed fit index (NFI), 
and root mean square error of approximation (RMSEA). 
To begin with, we examined to what extent the achievement on a more 
complex task was predicted by the achievement on a simpler task, and how 
hearing status influenced the performance on the different tasks. We designed a 
theoretical model around the LQH (see Figure 6.1) in which we related word 
decoding in Year 1 to performance on lexical decision, use decision and reading 
comprehension in the following years. The model allowed correlation between the 
lexical decision task score in Year 2 and the use decision task score in Year 3 and 
the score on the reading comprehension task in Year 4 Finally, the Year 3 use 
decision task score was allowed to correlate with reading comprehension in Year 
4. This way, we ensured that we only examined potentially causal relationships. 
Hearing status was added to the model to examine the direct and indirect effects of 
hearing loss on the performance on the different tasks 
We used a simplex model in LISREL and calculated the standardized regression 
coefficients Since the direct influence of hearing status on decoding and reading 
comprehension was not significant, and there was no significant direct effect of 
decoding on reading comprehension, we left these relations out of the model The 
fit of the final model (Figure 6.2) was very good χ2 = 1.65, df = 4, ρ = 80, GFI = .99, 
AGFI = .98, NFI = 1.00, and RMSEA = 00. 
The results showed that a large part of the variance on the reading 
comprehension task was explained by performance on the lexical and use decision 
tasks, without contribution from the decoding task. Furthermore, the model 
showed that hearing status did not influence the score on the decoding skills task. 
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However, hearing status did directly predict the score on the lexical decision task 
to a large extent (standardized regression coefficient, -.58). There was both a 
direct effect of hearing status on the use decision task, and an indirect effect 
mediated by the score on the lexical decision task. Although hearing status did not 
have a direct effect on reading comprehension, there was an indirect effect of 
hearing status on reading comprehension via the lexical decision and use decision 
tasks. 
Hearing Status 
.58/ \-.18 
DS - Year 1 .48 LDT - Year 2 
1 
.69 UDT - Year 3 
t 
.38 RC - Year 4 
+ 
' .41 
.14 
Figure 6.2. Structural model for the direct and indirect effects of hearing status on word 
decoding (DS), lexical decision (LDT), use decision (UDT) and reading comprehension (RC), 
and their mutual relations, displaying the standardized regression coefficients. 
We used the statistical method for multiple-group Structural Equation 
Modeling (Byrne, 1998) to determine whether or not the group variable 'hearing 
status' had a moderating influence on the relations between the different levels of 
lexical quality and reading comprehension. Thus, whether the variable hearing 
status affected the strength of the relationships between the different tasks. This 
moderating relationship can be thought of as an interaction; the relationship 
between two variables depends on hearing status. 
The fit of the multiple group model in which the factor loadings are fixed 
across the two groups was not good: χ2 = 69.16, df = 7, ρ < .001, GF1 = .70, NFI = .65, 
and RMSEA = .36, indicating that the model was invariant in gammas and betas 
across the two groups. The modification indices showed that all of the parameters 
were different across the two groups (χ2 > 5 for the estimates of all loadings). To 
further investigate these different relations, we also modeled the relations for the 
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children with normal hearing (Figure 6.3a) and the children with hearing loss 
(Figure 6.3b) separately. The fit of the model for the group of children with normal 
hearing was good: χ2 = 2.44, df = 2, ρ = .30, GFI = .98, AGFI = .91, NF1 = .95, and 
RMSEA = .06; the fit of the model for the group of children with hearing loss was 
reasonable: χ2 = 2.31, df = 1, ρ = .13, GFI = .98, AGFI = .81, NFI = .99, and RMSEA = 
.15. The RMSEA was not considered decisive, since it tends to over-reject correct 
models at small sample size (n < 250) (Hu & Bentler, 1998). 
DS - Year 1 
.39 I.DT- Year? .34 UDT - Year 3 .39 RC - Year 4 
t 
.33 
n c I/«-.. 1 .64 LDT - Year 2 
I 
.65 
ι ι η τ ι Va-,* 1 .43 RC - Year 4 
t 
' .37 
.25 
Figure 6.3. Structural models displaying standardized regression coefficients for relations 
between decoding (DS), lexical decision (LDT), use decision (UDT) and reading 
comprehension (RC) for the children with normal hearing (3a) and the children with 
hearing loss (3b). 
Discussion 
In the present study we investigated the idea that children with and without 
hearing loss enhance their reading comprehension skills through an improving 
mental lexicon. Therefore, we tried to structure the relations between different 
components of lexical knowledge and reading comprehension over time for 
children with and without hearing loss, using a single model appropriate for both 
groups and a multiple-group comparison. The study yielded two major findings 
with implications for understanding the developing relations between the different 
components of lexical knowledge and reading comprehension as well as how 
hearing status influences these components and the relationships among them. 
First, our empirical findings showed that children's reading comprehension skills 
largely depend on the quality of their mental lexicon. Their mental lexicon grows in 
size, word representations are refined, and structures and connections are 
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reinforced. Second, we found that hearing status both directly and indirectly 
influenced the performance on the components of lexical quality and reading 
comprehension, and that hearing status moderates the relations among the 
components. Below we will discuss these two findings in more detail. 
From decoding to reading 
Our model adequately captures the relations between the components of lexical 
quality and reading comprehension for both children with and without hearing 
loss. We found that word decoding performance directly influenced performance 
on the lexical and use decision task. Moreover, performance on the lexical decision 
task was directly related to performance on the use decision task. Finally, 
performance on the lexical and the use decision task predicted reading 
comprehension. 
The finding that word decoding skills were associated strongly with 
performance on the lexical decision task and, to a lesser extent, the use decision 
task, is not surprising, since both tasks require decoding skills in addition to 
meaning retrieval and processing of pragmatic information. Word decoding skills 
only indirectly influenced performance on the reading comprehension task. The 
effect of word decoding was already statistically taken into account by the 
performance on the lexical and the use decision task. Of which the latter predicted 
performance on the reading comprehension task. Thus, consistent with the lexical 
quality hypothesis and the findings by Protopapas, Sideridis, Mouzaki, and Simos 
(2007) in children normal hearing, we found that the effect of word decoding on 
reading comprehension was mediated by reading vocabulary. The strong relation 
between vocabulary and reading comprehension explains the dissociation 
between decoding and reading comprehension (Ouellette, 2006). As children 
become older and more proficient (word) readers, the role of vocabulary in 
explaining reading comprehension increases and the role of decoding decreases 
(Ouellette & Beers, 2010). This is especially true for children with normal hearing, 
since word decoding was measured in Year 1, when the youngest children were in 
Grade 3. From Grade 3 onwards, Dutch children with normal hearing are usually 
very proficient and accurate in word decoding, and only progress in fluency and 
automation (Verhoeven & van Leeuwe, 2009). So, although accuracy measures of 
word decoding were only moderate predictors of reading vocabulary and reading 
123 
Chapter 6 
comprehension performance, reaction times measures could potentially predict 
achievement on these tasks to greater extent than accuracy. 
As in previous studies (Landi & Perfetti, 2007; Ouellette & Beers, 2010; 
Verhoeven & van Leeuwe, 2008), we found that reading comprehension was most 
strongly associated with reading vocabulary, and performance on both vocabulary 
tasks explained a substantial part of reading comprehension. Although reading 
comprehension requires skills beyond lexical knowledge, a high quality lexical 
representation system is the basis for a representation of the text (Perfetti & Hart, 
2002). The Finding that performance on both tasks uniquely contributed to 
performance on the reading comprehension task shows that deeper word 
knowledge, as measured by the use decision task, adds to the number of words 
known and to minimal word knowledge, as measured by the lexical decision task. 
Thus, both the quality of the lexical representations and the number of words in 
the mental lexicon directly affect reading comprehension. 
Role of hearing status 
Hearing status influences both the performance on, and the relations between 
the components of lexical quality and reading comprehension. A single model for 
the entire sample Fitted very well, showing that it was possible to apply the same 
model to both children with and without hearing loss when incorporating hearing 
status as a grouping variable. Hearing status influenced performance on the lexical 
and use decision task, but there were no direct effects of hearing status on 
decoding skills and reading comprehension. 
The lack of a direct effect of hearing status on decoding skills is in line with 
previous studies (Fischler, 1985; Wauters et al., 2006). Although hearing status did 
not have a signiFicant effect on word decoding, it did signiFicantly influence the 
performance on the lexical decision task. Moreover, the score on the lexical 
decision task was influenced by performance on the decoding task. A potential 
explanation for the absence of a direct effect of hearing loss on decoding and the 
strong effect of hearing status on lexical decision might lay in the semantic 
component. The decoding task is specifically meant to measure orthographic (and 
perhaps phonological) knowledge and not vocabulary size (van Bon, 2007), 
whereas the lexical decision task was meant to measure semantic knowledge. 
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In children with hearing loss, both the scores on the lexical decision task and on 
the use decision task were influenced directly by decoding skills, whereas in 
children without hearing loss decoding skills only influenced the scores on the 
lexical decision task. This larger influence of decoding skills can be explained by 
the fact that at least a basic level of decoding skills being a prerequisite for reading. 
If word decoding skills do not reach a minimum level, reading comprehension will 
not be possible (Shankweiler et al., 1999). Furthermore, if word decoding is not 
automated, words are decoded more slowly, meanings may not be retrieved 
(correctly), and mental resources cannot be used for sentence comprehension 
(Perfetti, 1998). 
Finally, the absence of a direct effect of hearing loss on reading comprehension 
suggests that a lack in size and of depth in vocabulary knowledge is mainly 
responsible for reading comprehension problems in children with hearing loss. 
Future perspectives 
In the current study we focused on spelling and semantics, and we did not 
include a phonological measure. However, the literature shows that phonological 
awareness is an important predictor of word decoding (Garlock, Walley, & Metsala, 
2001; Stothard & Hulme, 1995), and the inclusion of phonological awareness tasks 
might have helped to further examine and disentangle the structures between the 
different components of the mental lexicon over time, particularly because 
phonological awareness is not self-evident for children with hearing loss. 
Furthermore, it would be interesting to take important variables into account 
concerning the children with hearing loss, such as degree of hearing loss, age of 
onset of hearing loss, type of hearing aids and communication mode. We did not 
analyze the influence of these factors, since our group was too small and too 
heterogeneous. However, with much earlier identification of hearing loss and 
developing techniques concerning hearing aids, it seems reasonable to expect that 
these factors mediate the influence of hearing status and influence the different 
levels and the strength of certain relations. This would be even more important in 
an experimental design that included measures of the phonological component 
We included a pragmatic component in the model by administering the use 
decision task, but we did not include a syntactic component. However, reading 
comprehension in children with and without hearing loss is influenced not only by 
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knowledge of form and meaning components and knowledge of word use 
(combining meaning with pragmatic features), but also by syntactic knowledge 
(Kelly, 1996; Shiotsu & Weir, 2007). Yet studies have shown that rewriting texts 
using simplified syntax does not improve comprehension in children with hearing 
loss (Schirmer & McGough, 2005). Many children with prelingual hearing loss even 
seem to skip the processing of syntactic information conveyed by the sentence 
structure (word order), and rely mainly on word knowledge for comprehension 
(Miller, 2005). Nevertheless, Kelly (1996) showed that reading comprehension of 
secondary school and college students with hearing loss was predicted best by an 
interaction of vocabulary and syntax. Although syntactic knowledge contributed to 
reading comprehension in a similar way regardless of the level of vocabulary 
knowledge, children with a considerable level of syntactic knowledge seemed 
better able to take advantage of their vocabulary knowledge. This corresponds 
with findings regarding hearing children that also show an asymmetry between 
the contribution of semantic and syntactic knowledge (Hagoort, 2003). Although 
lexical and syntactic knowledge contribute separately to sentence comprehension, 
there seems to be interaction at some level. It would be interesting to explore the 
influence of syntactic knowledge on reading comprehension, and to examine 
whether the set of syntactic rules utilized by children with (prelingual) hearing 
loss is too small, or whether the knowledge they have is of a different nature than 
that of children with normal hearing (Schirmer & McGough, 2005). An adapted 
version of the use decision task could be used to explore the contribution of both 
pragmatic and syntactic knowledge. 
Implications 
The results of the present study have important practical implications. 
Children with low quality lexical representations have problems with reading 
comprehension. Both the size of vocabulary and depth of vocabulary knowledge 
appear to be very important factors for good reading comprehension skills. 
Therefore, intense vocabulary instruction should be provided throughout the 
school years. Both intentional (explicit) instruction of vocabulary and strategies to 
enhance incidental vocabulary learning should be promoted. Intentional 
instruction should focus on both the size and depth of the basic vocabulary, since a 
word can only be facilitative in reading comprehension if one has multi-faceted or 
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deeper word knowledge of the word. Obviously, in order to ameliorate the quality 
of the different components of the lexical representation as well as strengthen the 
relations between these components and enable a child to create a knowledge 
network around a word, the child must have numerous encounters with the word 
in a variety of contexts. One should bear in mind that vocabulary knowledge, in 
contrast to word decoding, is not specific to reading. Word knowledge, and to a 
broader extent linguistic comprehension, reflects general language experience that 
reading shares with spoken and signed language (Shankweiler et al., 1999). 
Although vocabulary instruction is a crucial aspect of literacy instruction, a 
strong, or in the case of children with hearing loss, an even stronger focus should 
lay on instruction of reading strategies. For example, teaching children how they 
can monitor whether they comprehend the text and how they can make text-
connecting and gap-filling inferences will help them to construct integrated and 
coherent text representations (Oakhill & Cain, 2000). Moreover, by estimation, 
school children learn around 20 new words per day (Anglin, 1993), which is far 
more than can be taught at school or at home. Therefore, even more important 
than intentional vocabulary instruction, is teaching children which strategies they 
can use to derive the meaning of unknown words from the context in which they 
are used (Nagy, Anderson, & Herman, 1987; Stahl & Nagy, 2006), to instruct other 
ways to find out the meaning of a word -such as dictionary use-, and how they can 
use their basic vocabulary knowledge and knowledge about morphological 
structures to derive the meaning of unknown words (Anglin, 1993; Bowers, Kirby, 
& Deacon, 2010). Teaching many base words while also teaching how 
morphological principles should be applied can improve vocabulary significantly, 
and thus also reading comprehension (Bowers & Kirby, 2010), particularly 
because morphological knowledge plays an important role at both lexical and 
sentence structure level (Kieffer & Lesaux, 2007). 
In short, our findings indicate that the development of better decoding skills 
causes a strengthening of vocabulary, both in size and in depth. More importantly, 
the quality of the mental lexicon affects a child's reading comprehension. Thus, we 
might say that whereas reading begins with decoding, comprehension begins with 
vocabulary knowledge. Without a basic vocabulary, one cannot use syntactic 
structures and pragmatic rules, let alone come to a text representation. Since we 
127 
Chapter 6 
did not find a direct effect of hearing loss on reading comprehension and because 
the decoding skills of children with hearing loss are only slightly behind those of 
their hearing peers, we conclude that the smaller size and depth of reading 
vocabulary was the main cause of the reading comprehension problems in children 
with hearing loss in our study. 
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General Discussion 
Reading comprehension is a crucial factor for children's success in school. 
However, many children with severe hearing loss not just lag behind, but get stuck 
at a very low level of reading comprehension (e.g., Traxler, 2000; Wauters, van 
Bon, & Tellings, 2006). Main cause of their reading comprehension problems is 
their lack of vocabulary (Kyle & Harris, 2010, 2011). A number of studies have 
examined the reading vocabulary knowledge of children with hearing loss in 
comparison to their hearing peers (see Chapter 1). However, only a very limited 
number of studies examined the reading vocabulary development of both children 
with and without hearing loss longitudinally. Moreover, while previous studies 
report that the vocabulary of children with hearing loss is both smaller in size and 
depth of knowledge, and this lack of vocabulary knowledge significantly influences 
their reading comprehension abilities, it is still not clear how these differences in 
vocabulary can be qualified. A better understanding of vocabulary knowledge and 
its development is essential for addressing the major problem of hearing-impaired 
children's low reading comprehension scores. 
In the present thesis we investigated the reading vocabulary development of 
children with hearing loss, in comparison to children with normal hearing through 
primary grades and into secondary education. In Chapters 2, 3, and 4, we tried to 
specify the differences in reading vocabulary knowledge between these groups of 
children by investigating the influence of type of word knowledge and the type of 
words that are questioned. In Chapter 5, we investigated whether the reading 
vocabulary development of children with hearing loss was only delayed in 
comparison to children with normal hearing or whether it was also different 
Additionally, we examined which factors account for the reading vocabulary 
differences within the group of children with hearing loss. In Chapter 6, we studied 
the relation of reading vocabulary to word decoding and reading comprehension 
both in children with hearing loss and in children with normal hearing. 
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We carried out a longitudinal study with five data collections spread over four 
years. Data waves 1 and 2 took place in the first academic year, data waves 3, 4, 
and 5 in the consecutive three years. At data wave 1, a task that measured 
decoding skills was administered. At data waves 2, 3, and 4 children carried out 
both a lexical decision task and a use decision task. Each task contained 180 target 
words, of which 100 words were the same at each of the three data waves. Target 
words came from tests that are viewed to be normative for children at the start of 
secondary school. Therefore, words in these tests can be seen as an implicit norm 
for words children should know at the end of primary school. At data wave 5 a 
reading comprehension task was administered that was also based on the 
aforementioned tests. 
Reading vocabulary development as a function of hearing status 
Our first aim was to get insight into the reading vocabulary knowledge of 
children with hearing loss in comparison to children with normal hearing. To 
begin, the differences in word knowledge (i.e., word recognition versus usage 
recognition) between the two groups of children were investigated. Results 
showed that children with hearing loss recognize fewer words in the lexical 
decision task than children with normal hearing, and recognize the (in)correct use 
of the target words less often in the use decision task. However, the difference in 
vocabulary knowledge between the two groups of children is larger in the use 
decision task than in the lexical decision task. Even when children with and 
without hearing loss are matched on their scores on the lexical decision task, 
children with hearing loss still score lower on the use decision task (Chapter 2). 
This seems to indicate that hearing-impaired children not only have problems due 
to the fact that they know fewer words, but also because they have less in-depth 
knowledge of words. 
Our second aim was to qualify the differences in word knowledge between the 
two groups by type of words that are questioned. Often, the classification of words 
does not go beyond 'difficult' (i.e., infrequent, late-learned, non-imageable etc.) or 
'easy' (i.e., frequent, early-learned, imageable etc.) words. In Chapter 3 we used a 
latent cluster analysis to identify groups, or clusters, of words that share particular 
configurations of scores on eight word properties (namely: word class, frequency. 
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morphological family size, length, age of acquisition, mode of acquisition, 
imageability, and familiarity). A model with seven clusters proved to have the best 
fit This seven-cluster model was empirically validated using three data sets with 
data from children with normal hearing from Grades 2 to 4 who carried out either 
the lexical or the use decision task. The description and usefulness of the clusters 
will be discussed below. In Chapter 4, we explored whether the different clusters 
of words identified in Chapter 3 could also predict the differences in reading 
vocabulary between children with and without hearing loss. The results showed 
that children without hearing loss not only score better on the two vocabulary 
tasks, but they also score better on each of the different word types than children 
with hearing loss. Yet, importantly, the ranking of the clusters (based on 
performance) is almost similar for both groups in the two tasks. Both groups score 
best on the common words from Clusters 4 and 6 and least on the specific words 
from Clusters 2 and 5. However, whereas the difference between children with and 
without hearing loss is minimal for performance on the common words from 
Clusters 4 and 6, the difference is rather large for performance on the specific 
words from Clusters 2 and 5. Thus, although the ranking of the clusters is found to 
be similar, the difference in performance between the groups varies across the 
different clusters. 
In Chapter 5, we examined the effect of hearing status on reading vocabulary 
development, by analyzing the change of lexical competence in children with and 
without hearing over time. Results indicated that scores and growth rates on the 
two tasks are affected by hearing status. The children with hearing loss show 
greater progress on the two tasks over time than the children with normal hearing. 
This is probably due to the fact that the children with normal hearing cannot 
improve much more on the two tasks due to a ceiling effect. The change over time 
of the hearing-impaired children on the two tasks is found to be extremely stable. 
This shows that differences between children remain the same over time and a 
child's ability on a particular measurement occasion can be explained best by the 
same ability assessed on a previous measurement occasion. 
In sum, the size of the difference between children with and without hearing 
loss depends on the type of knowledge and the type of words that are questioned. 
As words become more complex and tasks require a deeper understanding of 
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semantic context, the difference in performance between the group of children 
with normal hearing and the group of children with hearing loss increases. This 
finding is in line with previous studies that found that the size of the difference 
varies per task (Kyle & Harris, 2006; Marschark, Convertino, McEvoy, & Masteller, 
2004; McEvoy, Marschark, & Nelson, 1999; Moeller, 2000; Paul & Gustafson, 1991). 
Although hearing status affects performance, we found that tasks and words that 
were difficult for children with normal hearing were also difficult for children with 
hearing loss, which supports the idea that the organization of the lexical system of 
people with hearing loss is similar to that of people with normal hearing (see also 
Cuetos, Monsalve, Pinto, & Rodriguez-Ferreiro, 2004). Furthermore, our 
observation that the vocabulary development of children with hearing loss, 
although delayed, seems to be quite similar in nature to that of hearing peers, 
confirms the qualitative similarity hypothesis (Paul, 2001; Paul & Lee, 2010). A 
lack of linguistic input may account for this lack in knowledge. Research indicates 
that students with normal hearing need to encounter a word at least 12 times 
(McKeown, Beck, Omanson, & Pople, 1985) or even up to 40 times (Reutzel & 
Cooter, 2004) to know the words well enough to support reading comprehension 
(Luckner & Cooke, 2010). Through these frequent encounters with a word in 
differing contexts, a child appears to deepen its vocabulary knowledge and to able 
to build a framework of organized and interrelated knowledge components. This 
complete knowledge framework is essential for reading comprehension (Paul, 
1996). However, due to their hearing loss, hearing-impaired children do not only 
come across fewer words (types) both in spoken and written context, but they also 
encounter each of these words less often (tokens). 
Lexical quality and reading development as a function 
of hearing status 
In Chapter 6, we studied the relation of reading vocabulary to word decoding 
and reading comprehension by investigating the idea that reading comprehension 
skills largely depend on the quality of different lexical components. Furthermore, 
we investigated whether these relations were similar for children with and 
without hearing loss. We used the Lexical Quality Hypothesis (LQH) (Perfetti & 
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Hart, 2002) to guide our hypothesis. The LQH suggests that word representations 
in the mental lexicon are triples of phonological, orthographic and semantic 
components, in which the semantic component consists of both meaning and 
grammatical information. We added a pragmatic component to this model, by 
which in this study we mean: Knowledge about how to use a word semantically 
correct in a sentence. Subsequently, the idea that reading comprehension depends 
on the quality of the word representations in the mental lexicon was investigated 
by trying to structure the relations between decoding, reading vocabulary, and 
reading comprehension over time for children with and without hearing loss. 
Results showed that word decoding performance directly influences performance 
on the lexical and the use decision task. Performance on the lexical decision task is 
directly related to the performance on the use decision task. Finally, performance 
on the lexical and the use decision task predict reading comprehension. Thus, our 
findings support the hypothesis that reading comprehension largely depends on 
the quality of the mental lexicon. Furthermore, the effect of word decoding on 
reading comprehension is found to be mediated by reading vocabulary. This 
suggests that, although reading comprehension requires skills beyond lexical 
knowledge, a high quality lexical representation system is the basis for text 
representation (Perfetti & Hart, 2002). The Finding that performance on both tasks 
uniquely contributes to performance on the reading comprehension task, shows 
that both the quality of the lexical representations and the number of words in the 
mental lexicon directly affect reading comprehension. 
Hearing status both directly and indirectly influences the performance on the 
different components of lexical quality and reading comprehension, and moderates 
the relations among the different components. Like vocabulary development, the 
development in reading is similar for both children with and without hearing loss, 
although there are differences in performance on the different tasks and in the 
strength of the relations between the components. Furthermore, hearing status 
does not directly influence performance on the decoding skills task. This lack of a 
direct effect of hearing status on decoding skills is consistent with previous studies 
(Fischler, 1985; Miller, 2005; Wauters et al., 2006). Moreover, there is no direct 
effect of hearing loss on reading comprehension. The absence of a direct effect of 
hearing loss on word decoding and reading comprehension suggest that for the 
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children with hearing loss in our study, a lack in size and of depth in reading 
vocabulary knowledge is the main cause for their reading comprehension 
problems. 
Variation in reading vocabulary among children with hearing loss 
In Chapter 5 we examined which factors account for the reading vocabulary 
differences within the group of children with hearing loss. Chapter 2 showed that 
there are large individual differences in the group of hearing-impaired pupils. 
However, the development of children with hearing loss on the two tasks over time 
is very stable (Chapter 5). The performance of a child on an earlier measurement 
point predicts for about 90% how a child will perform on a later measurement 
point, and the strong autoregressive effects leave little space for other factors to 
account for the development of children with hearing loss. However, our results 
showed that the presence of hearing devices, level of intelligence, language used at 
home, educational placement and, to some extent, onset of deafness, explain the 
variance within the group of children with hearing loss for about 50% at a certain 
measurement point. It is important to note that educational placement is 
significantly correlated with language used at home, onset of deafness and 
intelligence. Evidently, there are certain subgroups of children that are more likely 
to be mainstreamed, and the benefits of educational setting may depend on child 
and family variables (Marschark & Hauser, 2008). 
Differences in vocabulary knowledge cannot only be explained in terms of 
independent variables, but also in terms of the dependent variables. Vocabulary 
knowledge was investigated in comparison to the expected vocabulary at the end 
of primary school by selecting, as target words, words from tests for starting 
secondary school. Knowledge of the words used in these tests is indispensable to 
comprehend the test questions and thus give the correct answer. It is generally 
considered that one needs to know 90 percent of the words in a text to 
comprehend the text without problems (Hirsch, 2003). Our results showed that 
the children in Grade 6 with normal hearing know practically all target words, and 
also have in-depth knowledge of these words (Chapter 2 and 4). Since hearing 
children have mastered most target words on a sufficient level, it is unlikely they 
will score at a low level on tests for starting secondary school due to a lack of word 
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knowledge However, many children with hearing loss do not even have minimal 
knowledge of the target words, and only perform at a sufficient level in both tasks 
on the common words from Clusters 4 and 6 Therefore, children with hearing loss 
will probably have considerable problems with comprehending the questions and 
answers in these tests Thus, for most children with hearing loss this test for 
starting secondary school cannot be used to measure their subject knowledge, 
instead, it rather will reflect their (lack of) vocabulary knowledge. 
Limitations and future perspectives 
Our results showed that using different tasks and target words with different 
patterns of word properties provides more insight in the differences in reading 
vocabulary between children with and without hearing loss. However, this study 
encourages further research into the specifics 
Type of children 
Due to technical innovations and the pressure for mainstreaming, the 
characteristics of the group of hearing-impaired children change over time With 
an increasing number of children being implanted at a younger age, it is important 
to examine possible differences based on CI use Furthermore, about 44% of the 
children with a hearing loss have additional disabilities This co-morbidity may 
have a large influence on acquiring language, depending on the nature of the 
disability (Powers, 2003) However, the children in our sample were highly 
heterogeneous with respect to these background variables and as a consequence it 
was not possible to make subsamples that were large enough to carry out 
meaningful statistical analyses For similar reasons we could not take into account 
interactions between certain variables 
Vocabulary assessment 
Measuring vocabulary knowledge is a complex matter, because it is an 
"extremely large problem space" (Snow & Kim, 2007) Below we discuss two 
issues concerning vocabulary assessment we encountered in the present study 
First, vocabulary assessment in children with hearing loss poses several challenges 
(Prezbindowksi & Lederberg, 2003), since many children are exposed to more 
than one communication mode (bilingual - bimodal) This makes it necessary to 
use large test batteries to assess vocabulary in a sufficient way. In this study, 
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factors such as the ability to produce and perceive spoken and sign language were 
not taken along. Geers (2002) showed that children are more likely to be placed in 
mainstream classes when they achieve more intelligible speech. Informal 
observations in the present study during task administration revealed that almost 
all, if not all, children with hearing loss in mainstream settings had good speech 
reading skills as well as intelligible speech. Furthermore, although data was 
collected about the use of sign language at home, we did not take into account a 
child's fluency in signing. A consequence of this might be that some low achieving 
children do have deep lexical semantic knowledge of a concept, but maybe only in 
sign language and not in written language. 
Second, vocabulary knowledge is a complex phenomenon and can be measured 
in a number of ways. In this study only two forms of reading vocabulary 
knowledge were assessed, however, it should be noted that not only knowledge of 
form, meaning, and pragmatic features affect the reading comprehension of 
children with and without hearing loss, but also morpho-syntactic knowledge 
(Kelly, 1996; Shiotsu & Weir, 2007). Proctor, Silverman, Marring, and Montecillo 
(2012) defined vocabulary depth as a set of metalinguistic skills of morphological 
awareness, semantic awareness, and syntactic awareness. These skills showed 
important contributions to reading comprehension, likely because these skills 
enable language users to benefit from word knowledge in a variety of contexts. 
Research with children with hearing loss show that 62% of the children with CI's 
obtained age appropriate scores on a measure of vocabulary, but only 22% of the 
children also obtained age-appropriate score on a bound-morphemes task derived 
from the same language samples (Geers, Nicholas, & Sedey, 2003). Low scores on 
morpho-syntax may reflect deficiencies in aspects of language that are difficult to 
hear and produce (e.g., bound morphemes such as the -ed in walked). 
Also the difference between expressive and receptive vocabulary tasks can be 
of significance. Research has shown that scores on expressive vocabulary tests are 
generally higher and reach age-appropriate levels sooner following cochlear 
implantation than scores on receptive vocabulary tests (Geers & Moog, 1989; 
Moeller, 2000). Because of this difference in acquisition rate, it is important that a 
comprehensive assessment battery includes both expressive and receptive tasks. 
Adding expressive tasks to the receptive tasks in this study would have enabled 
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specification of differences in vocabulary knowledge and development in an even 
more sophisticated way. 
Ceiling effects 
The scores on the lexical and use decision task are strongly related for both 
chidren with and without hearing loss. However, the variation in the group of 
children with hearing loss is much larger than in the group of children with normal 
hearing. This is partly due to a ceiling effect for the group of children with normal 
hearing, probably caused by the domain referenced criterion used to select the 
target words. Notwithstanding these ceiling effects, which may obscure the 
findings in this study, effects of both task type and word type are found, even for 
the children with normal hearing. 
These ceiling effects may also explain why children with hearing loss show 
more progress on the two tasks than the children with normal hearing (Chapter 5), 
and why, over time, the differences in performance between children with and 
without a hearing loss become smaller. It is possible that children with hearing loss 
eventually might catch up with their hearing peers; however, this could not be 
investigated in the present study. Yet, based on the current findings, it cannot be 
claimed that the children with hearing loss close the gap in vocabulary knowledge: 
The ceiling scores of the children with normal hearing made it impossible for them 
to improve as much on the two tasks. Suppose a more difficult task was used on 
which the children with normal hearing scored moderately, then they would also 
have ample opportunity to grow. In that case, the gap in performance on the 
vocabulary task between hearing and children with hearing loss might not close, 
and might even widen. 
Practical Implications 
Depth of knowledge 
We have shown that children with hearing loss not only know fewer words, but 
that they do also know each of these words less well. Recognizing a letter pattern 
and knowing the meaning of an isolated word is a necessary start, but to 
comprehend discourse, the entire knowledge framework surrounding the word is 
essential (Paul, 1996). We have shown that children with low quality lexical 
representations indeed have problems with reading comprehension (Chapter 6). 
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Both the size of the vocabulary and the depth of vocabulary knowledge appear to 
be important factors for good reading comprehension skills. 
A practical implication is that intense vocabulary instruction should be 
provided throughout the school years. Both explicit instruction of vocabulary and 
strategies to enhance incidental vocabulary learning should be promoted. Explicit 
instruction should focus on the size of the vocabulary and on the depth of the basic 
vocabulary by integrating a word in a child's semantic network. Teachers may start 
with pronouncing and signing words and teaching the common meanings of 
words. This should even be the focus for children that score low on the lexical 
decision task, since they do not even recognize the letter pattern as a word in the 
target language. However, subsequently the instruction should focus on relating 
the word to knowledge a child already has and on enabling a child to create a 
knowledge network around a word. Therefore, a child should encounter the word 
frequently within a variety of contexts. This way the quality of the different 
components of the lexical representation can be ameliorated and the relations 
between the components strengthened. Note that this process is, in contrast to 
word decoding, not specific to reading. Word knowledge, and to a broader extent 
linguistic comprehension, reflects general language experience that can both be 
acquired via reading and via spoken and signed language (Shankweiler et al., 
1999). 
Besides focusing on explicit vocabulary instruction, a strong, or even stronger 
in the case of children with hearing loss, focus should lay on instruction regarding 
reading strategies. Children should be taught strategies to find out the meaning of 
a word, like dictionary use and how they derive the word meaning from context 
(Nagy, Anderson, & Herman, 1987; Stahl & Nagy, 2006). Yet, many children with 
hearing loss will not have sufficient vocabulary knowledge to benefit from 
traditional dictionaries. This stresses the need for adapted dictionaries with 
pictures, signs, and short definitions. Furthermore, to derive the meaning of 
unknown words from the contexts in which they are used, children should learn 
how they can use their basic vocabulary knowledge and knowledge about 
morphological structures to derive the meaning of unknown words (Anglin, 1993; 
Bowers & Kirby, 2010). Morphological knowledge not only plays an important role 
at the lexical level, but also at the sentence structure level (Kieffer & Lesaux, 2007). 
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At word level derivational morphemes (e.g., -ity and -tion) can change a word's 
part of speech, and at sentence level inflectional morphemes (e.g., -ed and -s) can 
provide information regarding the tense or number. Thus, teaching many base 
words while also teaching morphological principles can improve vocabulary 
significantly, and thus reading comprehension (Bowers & Kirby, 2010). 
Instruction clusters 
Both children with and without hearing loss score best on the common words 
(Cluster 4 and 6), worst on the specific words (Cluster 2 and 5), and in-between on 
the ordinary words (Cluster 1 and 3). However, whereas the score on the common 
words (Clusters 4 and 6) is similar for children of both groups in the lexical 
decision task (i.e., the easiest task and in that task the easiest words), there are 
large differences between the scores of the children with and without hearing loss 
on the specific words from Clusters 2 and 5 (i.e., the most difficult words) in both 
tasks. 
Stahl and Fairbanks (1986) suggested that to instruct words belonging to a 
constrained knowledge area, associative methods might be most effective, whereas 
a definitional approach might be more effective for more "definable" words. 
Examining the clusters in the present study we would suggest that in line with 
Stahl and Fairbanks, the different clusters might require different instructions. The 
common words from Cluster 4 and 6 form the basic words learned by experience 
and will be among the first thousand words babies and toddlers learn. However, 
whereas Cluster 6 contains mainly easy nouns that are straightforward in their 
meaning, the adjectives and verbs from Cluster 4 can be more generic in use. 
Although these words are learned at an early age, they derive their specific 
meaning from the contexts in which they are used. Labeling and defining the 
Cluster 6 nouns might be sufficient ("This is a doll..."), but the common generic 
words from Cluster 4 probably need more practice to make children aware of the 
different shades of meaning. For example, the word 'long' can be used with 
dimensions: 'a long train' or 'a long hair', or to refer to a time interval: 'a long story' 
or 'a long time'. Or even both: a long way. Sorting games could help children to 
grasp the different nuances of the word 'long' and comparable words. Words in 
Cluster 3, as words in Cluster 4, derive their meaning nuance from the specific 
context they are in and need to be practiced in various differing contexts, like the 
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word 'pressure'. Yet, the generic words from Cluster 3 are even less imageable, and 
might therefore, even need more practice. 
Children need the basic vocabulary words from Clusters 4 and 6 for acquiring 
more complex words, mainly by morphological decomposition of complex words 
or 'bootstrapping' (Gleitman, Cassidy, Nappa, Papafragou, & Trueswell, 2005). 
These more complex words we find in Clusters 1 and 2; complex ordinary words 
from Cluster 1 seem to be acquired more in spoken language contexts whereas the 
complex specific words from Cluster 2 are acquired in written language contexts. 
Kieffer and Lesaux (2007) show that academic vocabulary is a particular source of 
difficulty for children with reading comprehension problems. However, children 
would understand many unfamiliar words they encounter in printed school 
language if they could use their knowledge of base words for bootstrapping. Thus, 
to learn the complex words from Clusters 1 and 2 more easily, children should 
learn many base words and have an understanding of morphological principles 
(Bowers &Kirby, 2010). 
The simple specific words from Cluster 5 also are learned at a later age but 
morphological decomposition probably will play a smaller part in the acquisition 
process because they are linguistically less complex. However, many of these 
words are loan words and can be orthographically complex, and probably will be 
acquired more often via direct mapping. An important focus in teaching these 
words probably should be placed on the origin of these words and their complex 
spelling patterns. 
The words from cluster 7 are relatively low in written frequency, but seem to 
be high in frequency of occurrence in daily life. Similar to words from Cluster 6, the 
words from Cluster 7 are mainly nouns that are straightforward in their meaning. 
However, because they are relatively low in written frequency, children may not 
automatically learn these words although they might see the object everyday (e.g., 
'a streetcar' or a 'building'). Therefore, the words from Cluster 7 need to be 
instructed explicitly to groups with reduced (spoken) language input like children 
with hearing loss. 
We hope that the differentiation in more than two classes of words with respect 
to 'degree of difficulty' that seems to result from Chapter 3, eventually leads to 
more fine-tuned educational materials. However, further research is needed. First, 
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regarding a more detailed analysis of the different clusters; and second, regarding 
more difficult tasks and/or younger children, such that the differences between the 
'easy' clusters can be empirically verified. 
Assessment: choice of tasks and target words 
This study shows that the difference in reading vocabulary knowledge between 
children with and without hearing loss depends on the complex patterns of word 
properties, and the tasks that measure vocabulary knowledge. Even though it is 
well known that the vocabulary size of children with hearing loss is smaller than of 
their hearing peers, the vocabulary knowledge of a child with hearing loss should 
be determined through a range of tasks and word types to obtain a precise 
assessment. Moreover, care must be taken to examine a child's vocabulary at a 
meaningful level, examining not only common concepts that are easy to depict, nor 
a random sample of words from a dictionary. The full range of words a child might 
possibly encounter in his or her school years should be assessed. We hope that the 
differentiation in more than two classes of words with respect to 'degree of 
difficulty' that seems to result from Chapter 3, leads to more fine-tuned assessment 
tests in schools. This broad and at the same time fine-tuned assessment can give an 
insight into the specific vocabulary level of a particular child with hearing loss. On 
which tasks and word types does the child demonstrate a strong performance and 
with which tasks and words does it struggle? This information can reveal whether 
a child has a sufficient level of vocabulary knowledge compared to hearing peers 
and is ready for mainstreaming, or whether the child needs further intervention in 
a particular area. 
Assessment: usability of the lexical decision task 
We would like to point at the lexical decision task as a good predictor for 
deeper word knowledge in children with hearing loss. The scores on the lexical and 
use decision task are strongly related, especially within the group of children with 
hearing loss. Furthermore, with the lexical decision task it is possible to investigate 
large numbers of words while demanding very little time and effort of children and 
teachers. The lexical decision task allows comparing scores over and within 
children with hearing loss and it also provides sufficient information to 
differentiate between them. Furthermore, it is a good predictor of deeper word 
knowledge in this group and gives an insight in the relative (reading) vocabulary of 
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a child and its relative development. Thus, lexical decision can be used both as a 
first screening device in the group of children with hearing loss, and can provide 
an insight in the deeper vocabulary knowledge of a child. However, more fine-
tuned assessment is necessary to determine the specific vocabulary level of a 
particular child which is required for placement, programming, and individual 
intervention. 
Conclusion 
The current thesis describes one of the larger longitudinal studies with children 
with hearing loss in the Netherlands on reading vocabulary. A wide range of 
children in both mainstream schools and in special education schools have 
participated in the study. We assume that the heterogeneity of the group is a good 
reflection of the full range of children and that the results give a good insight into 
the vocabulary development of children with and without hearing loss and can be 
used in day-to-day practice. 
This study shows that the reading vocabulary of children with hearing loss is 
smaller than of their hearing peers and that it is less rich: Children with hearing 
loss know fewer words and they know less of each word. Furthermore, the 
difference in knowledge between children with and without hearing loss varies per 
type of knowledge and type of words that is questioned. Although, performance 
differences vary per task type and word type, the same types of tasks and words 
are 'difficult' and 'easy' for both groups of children. Furthermore, hearing status 
not only influences vocabulary knowledge, but also vocabulary development And 
although the development of children with hearing loss is delayed and their 
vocabulary is smaller and less rich, their development is similar to the 
development of children with normal hearing. The idea that children with and 
without hearing loss develop in similar ways, is also supported by the finding that 
the relation between reading vocabulary and reading comprehension is similar for 
both groups. 
Finally, there are large individual differences in the group of children with 
hearing loss. Due to the stability of development these differences remain 
relatively constant over time. Yet, differences in reading vocabulary knowledge 
among children with hearing loss at a given measurement point can be explained 
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to a large extent by the presence of hearing devices, level of intelligence, language 
used at home, educational placement and, to some extent, onset of deafness. 
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Appendices 
Appendix A. 100 target words used as basic words in Year 1, 2 and 3, with their 
accompanying pseudo word and cluster (CI). 
Target Word 
basisschool 
bebouwing 
bedrijf 
big 
binnenland 
bouw 
breuk 
buitenlands 
bureau 
computer 
dagelijks 
deel 
diersoort 
druk 
eend 
eerlijk 
emmer 
encyclopedie 
eren 
extra 
familielid 
fietsen 
gegeven 
geluk 
glad 
groen 
hek 
helpen 
herstellen 
hond 
hoog 
houten 
inleiding 
internet 
Cl 
7 
2 
1 
7 
2 
3 
5 
1 
1 
7 
1 
3 
1 
3 
6 
1 
6 
2 
5 
1 
1 
4 
1 
1 
3 
6 
7 
4 
2 
6 
4 
1 
2 
1 
Pseudo Word 
devenssfeer 
bebeiding 
bestuuf 
nal 
binnenkant 
buif 
gloek 
buivenwinds 
biveau 
verplanng 
toegefast 
faak 
voorsoord 
speg 
oond 
aarlig 
affer 
entolografie 
egen 
okster 
mativenng 
foetsen 
gewaten 
gelin 
fras 
troun 
rom 
lechen 
herschiffen 
holk 
sood 
rouze 
afwijhng 
opvilger 
Target Word 
kennen 
krant 
kubus 
leren 
hd 
lopend 
lucht 
maatbeker 
meer 
mening 
mens 
merken 
moeilijk 
mogelijk 
nachtmerrie 
nadenken 
nemen 
noteren 
oefenen 
onderstrepen 
oorsprong 
opmerking 
opnemen 
oppervlakte 
opvallend 
overnachten 
pakken 
park 
penningmeester 
pijl 
prijzen 
punt 
reis 
reisbureau 
Cl 
3 
7 
1 
3 
5 
1 
4 
1 
4 
2 
4 
5 
1 
2 
1 
1 
3 
2 
3 
1 
2 
1 
1 
2 
1 
1 
4 
7 
2 
7 
5 
7 
3 
1 
Pseudo Word 
wernen 
stind 
kobos 
ralen 
zid 
lemels 
mucht 
voorbezer 
saat 
peging 
hend 
gerden 
meerlijk 
rodelijk 
nechtpartij 
takennen 
houmen 
nalaren 
afemen 
onderstnjven 
uitspronk 
opmossing 
erveren 
ondervlasse 
opvandend 
overvappen 
zargen 
karp 
wondermaarhjk 
zeip 
pruizen 
wund 
neis 
hoofdthera 
163 
Target Word Cl Pseudo Word 
schoen 
schuilen 
sportschoen 
sterk 
strijken 
tentoonstelling 
thee 
toekomst 
toeschouwer 
toestaan 
tram 
uitproberen 
vast 
verdachte 
verkeren 
verkopen 
verlopen 
vermalen 
vermenigvuldigen 
verplaatsen 
verte 
verzorging 
voordeel 
vullen 
waarschijnlijk 
wanhopig 
weergeven 
wereld 
willen 
winkel 
zieke 
zijkant 
6 
5 
1 
4 
3 
2 
6 
2 
2 
2 
7 
1 
3 
2 
2 
1 
2 
2 
2 
1 
1 
2 
2 
3 
2 
2 
2 
3 
3 
6 
1 
1 
broon 
schumen 
schildknoep 
dwark 
spreiken 
tormijnslanning 
thoe 
voemarkt 
toespouling 
bijstaag 
sner 
oogprethese 
hust 
verdante 
herhemen 
verkonen 
vasseren 
wegvemen 
verontpuldigen 
vervreemsen 
kepje 
verzunning 
voorkuir 
dukken 
diepschriesvok 
rendobel 
poorgeven 
wijand 
zilten 
hindel 
rieke 
houkast 
164 
Appendices 
Appendix Β: 240 target words used as fillers in vocabulary tasks in Year 1, 2, or 3 
with their accompanying pseudo word and cluster (CI). 
Target Word 
aanhalingsteken 
aankomst 
aanstreepplaats 
aantekening 
aanvraag 
aanwezig 
aanwijzing 
actie 
afleggen 
afronden 
afwassen 
alfabetisch 
alinea 
ambtenaar 
bedenken 
beeld 
behoefte 
bekendheid 
bekennen 
bellen 
beperken 
bereiken 
bericht 
beschadigen 
bestellen 
bevinden 
bewaren 
bewonderen 
bezig 
bibliotheek 
bijkomen 
bijnaam 
blijken 
bloem 
bol 
boswachter 
branden 
bron 
Cl 
2 
1 
2 
2 
2 
1 
2 
1 
2 
2 
1 
2 
2 
2 
1 
3 
2 
2 
2 
4 
2 
2 
1 
1 
1 
2 
1 
2 
3 
1 
2 
2 
5 
6 
7 
1 
3 
5 
Pseudo Word 
uitvienngstase 
aanlonst 
uitstreemstaart 
uitnediging 
aanstoog 
eenkonig 
uitvoezing 
abdie 
omnggen 
afrommen 
optallen 
alfoholisch 
azalea 
algemeer 
vernnten 
paald 
bemeente 
gekichtheid 
bedukken 
berpen 
beserfen 
bedeilen 
gedecht 
betweufelen 
bestimmen 
bevotten 
bewoven 
beworderen 
lati r 
piblociteit 
toedonen 
wijmoed 
slijnen 
bnjs 
ker 
bonderlmg 
traliën 
slan 
Target Word 
bronnenboek 
buurland 
chauffeur 
computerspel 
deelnemer 
denken 
dicht 
directeur 
dl 
document 
doorgaan 
doorlezen 
doos 
droog 
druppel 
dun 
durven 
eerste 
enig 
fiets 
fruit 
gat 
geiser 
geleiden 
gemaakt 
getal 
gewicht 
gewoonte 
gezelschap 
gezond 
gracht 
grafiek 
gram 
grauw 
grens 
groot 
grot 
gum 
Cl 
2 
2 
1 
7 
2 
3 
4 
1 
2 
5 
1 
1 
6 
4 
7 
4 
3 
1 
2 
6 
6 
7 
2 
2 
1 
1 
1 
2 
2 
1 
5 
2 
5 
5 
5 
4 
7 
7 
Pseudo Word 
brollensoep 
hooiberg 
mautief 
voskleungbend 
doonkamer 
zeilen 
decht 
viligheid 
sk 
socuhst 
deengaan 
neerhazen 
lauk 
kwoot 
prinsel 
worn 
wukken 
oedste 
over 
foord 
steer 
wul 
woeser 
belouwen 
gemiekt 
geted 
berulp 
geweelte 
terugslek 
gezust 
schats 
grames 
krum 
glauw 
grend 
vroog 
brot 
gip 
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hard 
hectare 
heel 
hersenen 
heten 
hoek 
hoofd 
hopen 
horen 
husselverhaal 
instrument 
interesseren 
internationaal 
ivoor 
jaarlijks 
juichend 
kasteel 
kg 
kilometer 
kleur 
kolom 
kop 
kou 
krijgen 
kroket 
last 
leed 
leuk 
lied 
liter 
loslaten 
luiden 
maken 
massa 
maximaal 
meemaken 
meenemen 
meisje 
melden 
metaal 
minder 
4 
2 
4 
5 
3 
4 
6 
5 
4 
2 
5 
2 
2 
5 
2 
1 
7 
5 
1 
4 
5 
6 
4 
4 
7 
5 
5 
4 
4 
5 
1 
5 
4 
5 
2 
2 
1 
6 
5 
5 
3 
vars 
kantire 
vaai 
jengeren 
hieden 
muul 
woofd 
vonen 
hezen 
bossellichaam 
extremint 
mterramperen 
interfarentie 
ohjr 
loodracht 
zijlmds 
pasteer 
kd 
pohmicus 
kloed 
delor 
hm 
pou 
dnjgen 
skapek 
lorm 
reem 
reum 
haad 
peder 
verlaven 
leuden 
jaten 
kofsie 
vartueel 
toegeken 
meenemen 
heisje 
bilden 
tepijt 
dunver 
minister 
missen 
mogelijkheid 
moment 
museum 
nalezen 
nauwkeurig 
neerzetten 
noordwesten 
onderstaand 
ongeveer 
onpeilbaar 
onthouden 
onweren 
oog 
oosten 
opkomen 
opleveren 
opluchten 
opstaan 
opstel 
opstellen 
ouder 
overlijden 
papier 
plaats 
plaatsen 
prachtig 
procent 
proportie 
publiek 
razen 
rekening 
restaurant 
rivier 
rol 
roofdier 
rubriek 
schaal 
schade 
schatten 
5 
3 
2 
5 
5 
1 
2 
1 
2 
2 
1 
2 
1 
1 
6 
1 
2 
2 
2 
1 
2 
2 
1 
1 
6 
3 
3 
1 
2 
2 
1 
5 
1 
1 
7 
3 
1 
5 
7 
5 
5 
kirakter 
madden 
remelijkheid 
dozend 
molonel 
fuleren 
voornaupig 
leefhebben 
hoofdwussen 
onderbloemd 
allebaal 
onbeigzaam 
ontlounen 
inkoren 
uug 
aarte 
afmonen 
oftekenen 
•plichten 
insluun 
omtrel 
optrakken 
oeker 
overluigen 
puziek 
pnend 
pnjnzen 
krachtil 
produnt 
projectie 
cibroen 
senen 
hukehjk 
concurrent 
levaar 
zok 
leerjoor 
ludraad 
schijl 
greune 
slachten 
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CI Pseudo Word Target Word 
schikken 
school 
schoolkrant 
schoonmaken 
schrikken 
schuldig 
slim 
sneeuw 
soep 
soldaat 
soort 
spotten 
spreken 
stellen 
stem 
stijgen 
stil 
strand 
streek 
streep 
studievaardigheid 
suikerriet 
surfen 
taalgebruik 
tegengestelde 
telefoongids 
teleurstellen 
televisie 
teller 
tempo 
terugkrijgen 
tijdstip 
toerist 
toestemming 
toeter 
ton 
trekken 
tropisch 
uiten 
uitgave 
uitleggen 
sluchten 
staam 
droofkracht 
knijtraken 
schrippen 
sluchtig 
slam 
schaup 
seip 
serein 
seugd 
spurten 
spreven 
brangen 
sted 
slijgen 
zwal 
schrets 
streak 
streik 
dralaveerdigheid 
buivenbouw 
tolfen 
paardebluim 
rezengestalte 
belevardpers 
teliegbrengen 
cerevonie 
hemmel 
firmo 
terugknjpen 
noetstap 
tatest 
boestelling 
tuidel 
tus 
kienken 
klipisch 
eiten 
ijlbade 
aantassen 
Target Word 
uitspraak 
uitstekend 
vaag 
verband 
verbouwen 
verdienen 
verkocht 
verleden 
vernieuwen 
verplichten 
verschijnen 
verschillend 
verslag 
verwachten 
vierkant 
vinden 
vloer 
vol 
volledig 
volwassene 
voorzien 
vorst 
vragen 
vreemde 
vriendin 
vri j 
waaien 
waggelen 
warm 
wereldberoemd 
werk 
wielrenner 
winkelier 
wisselen 
zacht 
zakgeld 
zakken 
zien 
zwartmaken 
zwembad 
zwemmen 
Cl Pseudo Word 
2 
1 
5 
1 
1 
1 
1 
2 
2 
2 
2 
1 
1 
2 
7 
3 
7 
4 
2 
1 
2 
5 
4 
1 
1 
3 
3 
1 
4 
2 
4 
1 
1 
5 
4 
1 
3 
4 
2 
7 
4 
uitsprijk 
uitsletend 
vijk 
cortact 
verbeuzen 
vermieden 
verkacht 
veriepen 
verzienen 
voltri kken 
vertrounen 
verschildigd 
verster 
verweilen 
veeldend 
zenten 
stun 
wot 
misdedig 
doskundige 
vaurdoen 
gurst 
vraaien 
vreumde 
vriester 
vlee 
wieten 
wobberen 
mald 
morentbepaald 
weid 
vielnisrak 
martelier 
westigen 
lecht 
jakhald 
zansen 
zaar 
stormlapen 
drembel 
sworten 
l
~5 
6 
1 
1 
3 
1 
3 
6 
6 
7 
5 
5 
3 
5 
4 
5 
4 
7 
5 
7 
2 
2 
5 
2 
2 
1 
2 
6 
2 
1 
1 
1 
1 
2 
7 
7 
3 
2 
5 
2 
1 
Appendix C: Target words used as fillers in the alternative set of tasks in Year 1, 2, 
and 3 with their accompanying pseudo word and cluster (CI). 
Target Word 
aap 
auto 
bal 
been 
blad 
bloem 
boer 
bos 
broer 
bus 
dag 
doos 
dorp 
druppel 
eten 
fiets 
fietser 
fles 
fout 
fruit 
gat 
geluid 
getal 
gras 
gum 
helft 
hoed 
hoek 
hoofd 
instrument 
jongen 
kaas 
kasteel 
kerk 
klas 
kleren 
knie 
kopje 
leesboek 
man 
Cl 
6 
6 
6 
6 
4 
6 
6 
6 
4 
6 
4 
6 
7 
7 
6 
6 
7 
6 
4 
6 
7 
1 
1 
6 
7 
1 
6 
4 
6 
5 
6 
6 
7 
7 
7 
6 
6 
6 
7 
6 
Pseudo Word 
ijr 
idau 
diel 
doer 
stod 
brijs 
boop 
wag 
droem 
hat 
ded 
lauk 
dulp 
prinsel 
oute 
foord 
tijdvek 
trep 
foed 
steer 
wul 
meieer 
geted 
stes 
gip 
marft 
pood 
muul 
woofd 
extremint 
zoggen 
zaas 
pasteer 
hirt 
brag 
krede 
trie 
mepen 
wijnjoer 
dang 
Target Word 
meisje 
moeder 
nacht 
olifant 
oog 
papier 
plant 
politie 
poot 
postzegel 
potlood 
prins 
raam 
rand 
rug 
schip 
school 
schouder 
sneeuw 
soep 
soldaat 
spin 
station 
stoel 
straat 
strand 
streep 
tafel 
tas 
tegel 
tekening 
verband 
vinger 
vis 
vliegveld 
vloer 
vriendin 
water 
wolk 
zwembad 
Cl 
6 
6 
6 
6 
6 
6 
6 
7 
7 
7 
6 
7 
6 
3 
6 
7 
6 
6 
6 
6 
7 
6 
7 
6 
6 
7 
7 
6 
6 
7 
6 
1 
6 
6 
1 
7 
1 
6 
6 
7 
Pseudo Woi 
heisje 
houdik 
mechd 
unilorm 
uug 
puziek 
schald 
rositie 
moog 
waltkamer 
kostaam 
vlunt 
deul 
tind 
kag 
gleus 
staam 
twoufel 
schaup 
sei ρ 
serrein 
krun 
brekstuk 
broef 
strijn 
schrets 
streik 
befer 
tach 
pagel 
weziging 
corta et 
vokter 
pid 
slouwburg 
stuun 
vriester 
ragel 
kest 
drembel 
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Appendix D: Demographic information of children with hearing loss in Chapter 4 
Language used at home 
Only spoken language 
Spoken language and sign language 
Only sign language 
29 
42 
1 
Onset hearing loss 
Born with hearing loss 52 
Hearing loss before age 3 18 
Hearing loss after age 3 2 
Hearing loss better unaided ear 
8 0 - 1 0 0 dB 26 
1 0 0 - 1 2 0 dB 25 
> 120 dB 21 
Hearing Devices 
No device 6 
Conventional hearing aid 19 
CI after age 5 16 
CI between age 2 and 5 27 
CI before age 2 4 
Educational placement 
Mainstream education 26 
Special School 46 
Family members 
Family members with hearing loss 18 
No family members with hearing loss 54 
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Appendix E: Demographic information of children with hearing loss in Chapter 6 
Language used at home 
Only spoken language 
Spoken language and sign language 
Only sign language 
20 
37 
3 
Onset hearing loss 
Born with hearing loss 41 
Heanng loss before age 3 12 
Hearing loss after age 3 2 
Unknown 5 
Heanng loss better unaided ear 
5 80 dB 3 
8 0 - 1 0 0 dB 19 
>100 dB 38 
Heanng Devices 
No device 3 
Conventional hearing aid 22 
CI after age 5 10 
CI between age 2 and 5 22 
CI before age 2 3 
Educational placement 
Mainstream education 13 
Special School 47 
Family members 
Family members with hearing loss 15 
No family members with hearing loss 45 
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Summary 
In the present thesis we investigated the development of reading vocabulary 
of children with and without hearing loss. Previous studies report that both the 
vocabulary size of children with hearing loss and their in-depth vocabulary 
knowledge are smaller than that of their hearing peers, and this lack of vocabulary 
knowledge significantly influences their reading comprehension abilities. 
However, it is not clear how these differences in vocabulary can be qualified. A 
better understanding of their vocabulary knowledge and its development is 
essential for addressing the major problem of hearing-impaired children's low 
reading comprehension scores. In the present thesis we longitudinally investigated 
the reading vocabulary knowledge and the reading vocabulary development of 
children with hearing loss, in comparison to children with normal hearing, with 
respect to the expected vocabulary at the end of primary school, and in relation to 
reading comprehension. 
The first chapter of this thesis gives an introduction in how (reading) 
vocabulary develops in children with normal hearing and in children with hearing 
loss, and how (reading) vocabulary relates to reading comprehension. This chapter 
also contains the aims and the design of the present study. In Chapters 2, 3, and 4 
we investigated how the differences in reading vocabulary knowledge between 
children with and without hearing loss are influenced by type of words and type of 
knowledge that are questioned. We examined reading vocabulary from a 
developmental perspective in Chapters 5 and 6. In the final chapter we discuss the 
insights this longitudinal study has given us and the practical implications that 
follow from these insights. 
We carried out a longitudinal study with five data collections spread over four 
years. Decoding was measured at data wave 1, reading vocabulary at data waves 2, 
3, and 4 using a lexical and a use decision task (in which children have to recognize 
(in)correct usage of a word), and reading comprehension at data wave 5. Target 
words in the reading vocabulary tasks came from a representative word list based 
on tests that are viewed to be normative for children at the start of secondary 
school. 
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In Chapter 2, the achievements of 394 children with normal hearing and 106 
children with a hearing impairment in Grades 3-6 were examined on the lexical 
and the use decision task. Results showed that children with hearing loss both 
recognize fewer words than the children with normal hearing in the lexical 
decision task, and recognize the (in)correct use of the target words less often in the 
use decision task. Even when children with and without hearing loss have a similar 
amount of minimal word knowledge, children with hearing loss still score more 
poorly on the use decision task. Furthermore, comparison of the two tasks 
demonstrated the efficacy of the lexical decision task as a measure of lexical 
semantic knowledge: The lexical decision task provides sufficient information to 
differentiate between children with hearing loss, and it is a good predictor of 
deeper word knowledge in this group. 
In Chapter 3, we tried to identify groups of words that share particular 
configurations of word properties. A latent cluster analysis was performed on the 
703 words of our representative word list with scores for eight word properties 
(namely: word class, frequency, morphological family size, length, age of 
acquisition, mode of acquisition, imageability, and familiarity). A model with seven 
clusters turned out to have the best fit according to different analyses. Examination 
of the clusters leads to the following descriptions: Cluster 6 and Cluster 4 consist of 
common words that are linguistically simple. These clusters contain many of the 
basic words learned by experience that children need for acquiring more complex 
words. These long, morphologically complex words we find in Clusters 1 and 2; 
Cluster 1 words may be characterized as ordinary words acquired mainly in 
spoken language contexts, whereas the words from Cluster 2 are more specific 
words acquired in the context of written language. The words in Cluster 5, 
although less linguistically complex, are specific as well. Words in Cluster 3 are 
used frequently, but are hard to imagine, they derive their exact meaning from the 
context they are in. Words in this cluster can be described as generic ordinary 
words. Next, we investigated whether these clusters predicted performance of 
children in Grades 2-4 who made either a lexical decision task or a use decision 
task with a selection of the words. When ordering the mean scores for the different 
samples of children on the seven clusters from lowest to highest, patterns are very 
similar: Cluster 2 and then Cluster 5 have the lowest means, Clusters 4 and 6 have 
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the highest means. Clusters 1 and 3 are in between. Only Cluster 7 is somewhat 
deviant 
In Chapter 4, we showed that the differences in reading vocabulary knowledge 
between children with and without hearing loss depend on the complex patterns of 
word properties, and the tasks that measure vocabulary knowledge. We examined 
the achievements of 72 children with hearing loss and 72 children with normal 
hearing on the lexical and the use decision task. Both tasks contained the same 180 
words, each of these words belonging to one of the seven clusters found in Chapter 
3. Children without hearing loss obtain better scores on the two tasks and on the 
seven clusters than the children with hearing loss, but the size of the difference 
varies by task and word type. Performance differences between the two groups 
increases as tasks become more complex and required a deeper understanding of 
semantic content Despite the delays of children with hearing loss, our results 
showed that the order of the clusters (based on performance) is similar for both 
groups, suggesting that children with hearing loss seem to follow a similar pattern 
of vocabulary acquisition as hearing peers. 
Change of lexical competence was investigated in Chapter 5. We examined the 
performance on the lexical and use decision task of children with hearing loss from 
Grades 4 and 5, and of children without hearing loss from Grade 4, over three 
years. Our results showed that not only size and depth of vocabulary knowledge 
depend on hearing status, but also growth of vocabulary knowledge: The children 
with hearing loss show greater progress on the two tasks than the hearing 
children. Over time children with hearing loss seem to make up the delay they have 
in vocabulary. However, the hearing children could not improve as much on the 
two tasks due to a ceiling effect We also observed that the development of lexical 
competence in children with hearing loss is extremely stable. Differences between 
children remain the same over time and a child's lexical competence can be 
explained for about 90% by his or her lexical competence as assessed on a 
previous measurement occasion. Due to the strong autoregressive effects we did 
not find any background variables that predicted development. However, our 
results show that the presence of hearing devices, level of intelligence, language 
used at home, educational placement and, to some extent, onset of deafness, can 
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explain the variance within the group of children with hearing loss for about 50% 
at a certain measurement point 
In Chapter 6, we tested the hypothesis that the reading comprehension skills 
of children with and without hearing loss depend on the quality of their mental 
lexicon. Our results showed that word decoding performance directly influences 
performance on the lexical and the use decision task. Performance on the lexical 
decision task directly relates to the performance on the use decision task, and 
performance on the lexical and the use decision task predicts reading 
comprehension. Hearing status both directly and indirectly influences the 
performance on the different tasks and moderates the relations among the tasks. 
Yet, a single model for the entire group fitted very well, showing that the same 
model applies to both children with and without hearing loss when incorporating 
hearing status as a grouping variable. Although hearing status influences 
performance on the lexical and the use decision task, there are no direct effects of 
hearing status on decoding skills and reading comprehension. The absence of a 
direct effect of hearing loss on reading comprehension suggests that a lack in size 
and depth of vocabulary knowledge is the main culprit for the problems children 
with hearing loss have with reading comprehension in our study. 
Finally, in Chapter 7 we describe the three general findings. First, in this study 
we showed that the size of the difference in reading vocabulary knowledge 
between children with and without hearing loss depends on the type of knowledge 
and the type of words that are questioned. As words become more complex and 
tasks require a deeper understanding of semantic context, the difference in 
performance between the group of children with normal hearing and the group of 
children with hearing loss increases. Nonetheless, the same types of tasks and 
words are 'difficult' and 'easy' for both groups of children. Second, hearing status 
not only influences vocabulary knowledge, but also vocabulary development Yet, 
although children with hearing loss develop at a slower rate and their vocabulary 
is smaller and less rich, their development is similar to the development of 
children with normal hearing. This idea is supported by our finding that the 
relation between reading vocabulary and reading comprehension is also similar 
for both groups. Third, there are large individual differences within the group of 
children with hearing loss. Due to the stability of development these differences 
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remain constant over time. Yet, differences in reading vocabulary knowledge 
among children with hearing loss at a given occasion can be explained to a large 
extent by only a few variables. 
Chapter 7 ends with some suggestions for future research and with four main 
practical implications. First, both intense explicit instruction of vocabulary and 
strategies to enhance incidental vocabulary learning should be provided 
throughout the school years. Second, examination of the clusters in the present 
study suggests that the words from different clusters might require different 
instruction methods. Third, the vocabulary knowledge of a child with hearing loss 
should be determined through a range of tasks and word types. This broad and at 
the same time fine-tuned assessment can give an insight into the specific 
vocabulary level of a particular child with hearing loss, which is required for 
placement, programming, and individual intervention. Finally, lexical decision can 
be used both as a first screening device in the group of children with hearing loss, 
and can provide an insight in the deeper vocabulary knowledge of a child. 
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Samenvatting 
In dit proefschrift staat de ontwikkeling van de leeswoordenschat van 
kinderen met en zonder auditieve beperking centraal. Eerdere studies hebben 
laten zien dat de woordenschat van kinderen met een auditieve beperking kleiner 
is in vergelijking met hun horende leeftijdsgenoten en dat hun woordkennis 
minder diep is. Dit gebrek aan woordenschat beïnvloedt in sterke mate hun 
leesvaardigheid (het begrijpend lezen). Het is echter niet bekend hoe die 
verschillen in woordenschat tussen kinderen met en zonder auditieve beperking 
precies gespecificeerd kunnen worden. Om het probleem van de lage begrijpend 
leesscores van kinderen met een auditieve beperking aan te kunnen pakken, is het 
belangrijk dat we een goed beeld hebben van de woordenschat en de ontwikkeling 
hiervan. In deze studie onderzochten we daarom de woordenschat van kinderen 
met een auditieve beperking gedurende meerdere jaren. Deze woordenschat 
vergeleken we met de woordenschat van kinderen zonder auditieve beperking en 
met de verwachte woordenschat aan het einde van de basisschool. Daarnaast 
bestudeerden we de woordenschat in relatie tot het begrijpend lezen. 
Het eerste hoofdstuk van dit proefschrift is een introductie in hoe de 
leeswoordenschat zich ontwikkelt bij kinderen zonder auditieve beperking. Aan de 
hand hiervan wordt ook beschreven hoe de leeswoordenschat zich ontwikkelt bij 
kinderen met een auditieve beperking. Tevens wordt beschreven hoe 
woordenschat zich verhoudt tot begrijpend lezen. Aan het einde van het hoofdstuk 
worden de doelen en de opzet van de studie uiteengezet. In de hoofdstukken 2, 3 
en 4 laten we zien hoe de verschillen in woordenschat tussen kinderen met en 
zonder auditieve beperking worden beïnvloed door het type woorden dat wordt 
getoetst en het type kennis dat wordt bevraagd. In de hoofdstukken 5 en 6 wordt 
de woordenschat benaderd vanuit een ontwikkelingsperspectief en in het laatste 
hoofdstuk (7) bespreken we de inzichten die uit deze longitudinale studie naar 
voor zijn gekomen en de praktische implicaties die hieruit voortvloeien. 
Tijdens het project hebben we op vijf momenten data verzameld, verspreid 
over vier jaar. Op meetmoment 1 hebben we decodeervaardigheden gemeten, op 
meetmoment 2, 3 en 4 woordenschat, en begrijpend lezen werd gemeten op 
meetmoment 5. Woordenschat werd gemeten met een lexicale decisietaak en een 
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gebruiksdecisietaak. De lexicale decisietaak gaat na of kinderen een letterreeks 
kunnen herkennen als een bestaand woord. De gebruiksdecisietaak meet of 
kinderen het (in)correct gebruik van een woord kunnen herkennen. De 
deelwoorden in de woordenschattaken kwamen van een representatieve 
woordenlijst die is gebaseerd op testen die worden gezien als normatief voor 
kinderen aan het eind van de basisschool (Cito Eindtoets Basisonderwijs). 
In hoofdstuk 2 zijn de scores op de lexicale en de gebruiksdecisietaak van 394 
kinderen zonder gehoorproblemen en 106 kinderen met gehoorproblemen uit 
groep 5 tot en met 8 met elkaar vergeleken. De resultaten laten zien dat kinderen 
met een auditieve beperking minder woorden herkennen in de lexicale decisietaak 
dan de kinderen zonder auditieve beperking, en dat ze het (in)correct gebruik van 
het doelwoord minder vaak herkennen in de gebruiksdecisietaak. Zelfs wanneer 
kinderen met en zonder auditieve beperking een vergelijkbare minimale 
woordenschat hebben (een vergelijkbare score op de lexicale decisietaak), dan nog 
scoren kinderen met een auditieve beperking slechter op de gebruiksdecisietaak. 
Vergelijking van de twee taken liet daarnaast de effectiviteit zien van de lexicale 
decisietaak als een maat van lexicale semantische kennis. De scores op deze taak 
leveren voldoende informatie op om te kunnen differentiëren tussen de kinderen 
met een auditieve beperking, daarnaast is de lexicale decisietaak een goede 
voorspeller van de diepere woordkennis van de kinderen in deze groep zoals 
gemeten met de gebruiksdecisietaak. 
Het doel van hoofdstuk 3 was om woordgroepen te identificeren die een 
bepaalde configuratie van woordkenmerken delen. We voerden een latente cluster 
analyse uit op de 703 woorden van onze representatieve woordenlijst met scores 
op acht woordkenmerken (woordklasse, woordlengte, frequentie, familiegrootte, 
verwervingsleeftijd, verwervingswijze, voorstelbaarheid en bekendheid). Een 
model met zeven clusters bleek het beste te passen volgens diverse analyses. 
Bestudering van de Clusters leidde tot de volgende beschrijvingen: Cluster 6 en 
Cluster 4 bevatten woorden die tot de gemeenschappelijke basiswoordenschat 
kunnen worden gerekend en een simpele linguïstische structuur hebben. Deze 
twee clusters bevatten veel van de woorden die door ervaring worden geleerd en 
die kinderen nodig hebben om meer complexe woorden te verwerven. Deze lange, 
morfologisch complexe woorden (samengesteld en derivationeel complex) vinden 
178 
Samenvatting 
we in Clusters 1 en 2. De woorden in Cluster 1 kunnen gekarakteriseerd worden 
als alledaagse concepten die linguïstisch complex zijn en die vooral worden 
verworven in de context van gesproken taal, terwijl de woorden in Cluster 2 meer 
corpus-specifieke woorden zijn (toetswoorden, woorden die refereren naar 
rekenen, wereldoriëntatie etc.) die worden verworven in een geschreven context. 
De woorden in Cluster 5 zijn linguïstisch minder complex, desondanks zijn ze wel 
corpus-specifiek. Woorden in Cluster 3 worden frequent gebruikt, maar zijn toch 
moeilijk voorstelbaar omdat ze hun exacte betekenis verkrijgen van de context 
waarin ze worden gebruikt. Het zijn zogenaamde generieke alledaagse woorden. 
Nadat we de clusters hadden geïdentificeerd, is onderzocht of deze clusters 
een voorspellende waarde hebben met betrekking tot de prestaties van kinderen 
in groep 3 tot en met 5 die ofwel een lexicale decisietaak maakten of een 
gebruiksdecisietaak met een selectie van de woorden. Wanneer we de gemiddelde 
score op de zeven clusters ordenen van hoog naar laag voor de verschillende 
samples/groepen kinderen blijkt dat de patronen vrijwel gelijk zijn. Cluster 2 heeft 
het laagste gemiddelde, gevolgd door Cluster 5, Clusters 4 en 6 hebben het hoogste 
gemiddelde en Cluster 1 en 3 zitten er tussenin. Alleen Cluster 7 is afwijkend. 
In hoofdstuk 4 laten we zien dat de verschillen in woordenschat tussen 
kinderen met en zonder gehoorverlies gespecificeerd kunnen worden aan de hand 
van woordtype (uit welk cluster komt een woord) en taaktype (welke kennis van 
een woord wordt bevraagd). We hebben de scores van 72 kinderen met 
gehoorverlies en van 72 kinderen zonder gehoorverlies vergeleken op de lexicale 
en de gebruiksdecisietaak. Beide taken bevatten dezelfde 180 woorden die waren 
verdeeld over de zeven clusters die we hadden gevonden in hoofdstuk 3. Kinderen 
zonder gehoorverlies behalen betere scores op de twee taken en op de zeven 
clusters dan de kinderen met gehoorverlies, maar de grootte van het verschil hangt 
af van het type woord en het type taak. Het verschil in score tussen de twee 
groepen wordt groter naarmate de taak complexer wordt en er een dieper begrip 
van semantische inhoud wordt vereist en het type woorden complexer wordt 
(zowel qua vorm als qua betekenis). Ondanks de verschillen laten onze resultaten 
zien dat de volgorde van de clusters (gebaseerd op score) gelijk is in beide 
groepen, wat suggereert dat kinderen met gehoorverlies eenzelfde 
verwervingspatroon van woordenschat hebben als hun horende leeftijdsgenoten. 
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Na het vergelijken van de verschillen in woordenschat in de vorige 
hoofdstukken, hebben we de verandering in lexicale competentie onderzocht in 
hoofdstuk 5. De behaalde resultaten van kinderen zonder auditieve beperking uit 
groep 6 en 7 en die van horende kinderen uit groep 6 op de lexicale en de 
gebruiksdecisietaak over drie jaar werden in kaart gebracht Onze resultaten laten 
zien dat niet alleen de grootte en de diepte van de woordenschat afhangen van 
gehoorstatus, maar ook de groei van de woordenschat. De kinderen met 
gehoorverlies laten een grotere groei op de twee taken zien dan de horende 
kinderen. Over tijd lijken de kinderen met een auditieve beperking hun 
achterstand in woordenschat goed te maken op deze taken en deze woorden. 
Echter, de kinderen zonder auditieve beperking konden niet zoveel verbeteren op 
de twee taken vanwege een plafondeffect De resultaten tonen ook dat de 
ontwikkeling in lexicale competentie van kinderen met een auditieve beperking 
extreem stabiel is. De verschillen tussen kinderen blijven gelijk over de tijd heen, 
en de lexicale competentie van een kind kan voor 90% worden verklaard door zijn 
of haar lexicale competentie gemeten op een eerder moment. Vanwege deze sterke 
autoregressieve effecten waren er geen achtergrondvariabelen die vooruitgang 
voorspelden. Desondanks laten onze resultaten zien dat het hebben van een 
hoorhulpmiddel (zoals een cochleair implantaat of een gehoorapparaat), 
intelligentieniveau, thuistaal, schoolsetting (speciaal of regulier onderwijs) en, tot 
een bepaald niveau, tijdstip van het ontstaan van het gehoorverlies de variantie in 
de groep van kinderen met een auditieve beperking op een bepaald meetmoment 
voor ongeveer 50% kunnen verklaren. 
In hoofdstuk 6 hebben we de hypothese getest dat de leesvaardigheid van 
kinderen met en zonder auditieve beperking afhangt van de kwaliteit van hun 
mentale lexicon. Onze resultaten laten zien dat de scores op de lexicale en 
gebruiksdecisietaak direct worden beïnvloed door het technisch leesniveau, zoals 
gemeten met de Doorstreepleestoets. De score op de lexicale decisietaak is op zijn 
beurt direct gerelateerd aan de score op de gebruiksdecisietaak, en zowel de score 
op de lexicale als op de gebruiksdecisietaak voorspellen het leesbegrip. 
Gehoorstatus beïnvloedt zowel direct als indirect de score op de verschillende 
taken en is van invloed op de voorspellende relatie tussen twee taken. Desondanks 
was het mogelijk om met slechts één model met daarin hoorstatus opgenomen als 
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groepsvariabele de data voor de hele groep te duiden. Ondanks het feit dat 
hoorstatus de score op de lexicale en de gebruiksdecisietaak direct beïnvloedt, 
heeft hoorstatus geen direct effect op decodeervaardigheden of begrijpend lezen. 
De afwezigheid van een direct effect van hoorstatus op begrijpend lezen suggereert 
dat een gebrek aan woordenschat (zowel in omvang als in diepte) de belangrijkste 
oorzaak is van de problemen die de kinderen met gehoorverlies hebben met 
begrijpend lezen in onze studie. 
In hoofdstuk 7 zijn tot slot de drie belangrijkste bevindingen beschreven. Ten 
eerste laten we in deze studie zien dat de grootte van het verschil in woordenschat 
tussen kinderen met en zonder auditieve beperking afhangt van het type kennis en 
het type woorden dat wordt bevraagd. Wanneer woorden complexer worden en de 
taken een dieper begrip vragen van de semantische context wordt het verschil in 
score tussen de kinderen met en zonder gehoorverlies groter. Desondanks zijn 
dezelfde taken en woorden 'moeilijk' respectievelijk 'makkelijk' voor beide 
groepen kinderen. Ten tweede, hoorstatus beïnvloedt niet alleen 
woordenschatkennis, maar ook woordenschatontwikkeling. Maar hoewel kinderen 
met een gehoorverlies zich langzamer ontwikkelen en hun woordenschat kleiner is 
en minder diep, is hun ontwikkeling wel vergelijkbaar met die van kinderen 
zonder gehoorverlies. Deze gedachte wordt ondersteund door onze bevinding dat 
de relatie tussen woordenschat en begrijpend lezen vergelijkbaar is voor beide 
groepen. Ten derde, er zijn grote verschillen tussen de kinderen met een 
gehoorverlies. Deze verschillen blijven gelijk over tijd omdat de groei in 
woordenschat van kinderen met een gehoorverlies heel stabiel is. Desondanks 
kunnen de verschillen in leeswoordenschat op een bepaald meetmoment voor een 
groot gedeelte verklaard worden met slechts een klein aantal variabelen. 
Hoofdstuk 7 eindigt met een aantal suggesties voor vervolgonderzoek en vier 
belangrijke praktische implicaties. Ten eerste, tijdens de schooljaren zou zowel 
intensieve expliciete woordenschatinstructie aangeboden moeten worden als dat 
er strategieën aangeleerd zouden moeten worden die het incidenteel leren van 
woorden ondersteunen. Ten tweede, wanneer we de clusters in de huidige studie 
bestuderen, ontstaat het idee dat de woorden van de verschillende clusters ook 
verschillende instructiemethodes behoeven. Ten derde, de leeswoordenschat van 
kinderen met een gehoorverlies zou bepaald moeten worden aan de hand van een 
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breed scala aan taken en woordtypen. Deze uitgebreide en tegelijkertijd 
gedetailleerde toetsing kan inzicht geven in het specifieke woordenschatniveau 
van een bepaald kind met gehoorverlies. Bepaling van dit niveau is van essentieel 
belang voor plaatsing, behandelplannen, en individuele interventies. Ten slotte, de 
lexicale decisietaak kan gebruikt worden als een eerste screeningsinstrument in de 
groep van kinderen met een hoorprobleem en kan daarnaast inzicht geven in de 
diepte van de woordenschat van een kind. 
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Dankwoord 
Tijdens de afgelopen vijf jaar, maar ook in de jaren ervoor zijn er talloze 
personen geweest die belangrijk zijn geweest voor het welslagen van mijn 
projecten en voor de creatie en het voltooien van mijn proefschrift. Om iedereen 
op de juiste manier te kunnen bedanken zou ik een boek nodig hebben ter dikte 
van mijn proefschrift om recht te doen aan ieders bijdrage. Met dan altijd nog de 
kans datje iemand vergeet... 
Daar wilde ik mijn vingers niet aan branden en daarom: een andere aanpak! 
Geheel in lijn met mijn proefschrift is het een taaltaak geworden. Een 
associatietaak in dit geval. Links vindt u de semantische categorieën en rechts de 
associaties. Aan u de taak om een potlood te nemen en de juiste associaties te 
leggen. Let wel: personen kunnen in meerdere categorieën vallen en de associaties 
mogen meermaals gebruikt worden. Daarnaast, de groepen zijn niet uitputtend. 
Veel succes! En bedankt... 
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Categorìe Associatie 
Ambulant begeleiders 
Ambulante diensten 
Begeleiders 
Bernrode-vriendinnen 
Collega's 
Congresvrienden 
Familie 
FEAPDA-werkgroep 
Hardloopmaatjes 
Huisfilosofen 
Inspiratoren 
Keyzer 
Leerkrachten 
Leerlingen 
Manuscriptcommissie 
Oud-collega's 
Ouders 
Ouders van leerlingen 
Oud-huisgenoten 
Paranimfen 
Promotiecommissie 
Scholen 
Scriptiestudenten 
Secretariaat 
Snuffelstagiaires en studentassistenten 
Statistische ondersteuning 
Vrienden 
Wijzen 
Advies 
BBQ 
Begeleiding 
Chaos 
Dagjes uit 
Enthousiasme 
Geduld 
Gezelligheid 
Hulp 
Ideeën 
Inspiratie 
Inzicht 
Koffie 
Lachsalvo's 
Liefde 
Lunch 
Motivatie 
Ontspanning 
Oplossingen 
Pagina-nummers 
Relativering 
Samenwerking 
Schouder 
Steun 
Tips 
Titels 
Uit eten 
Vertrouwen 
Wijn 
Wijsheid 
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Stellingen behorende bij het proefschrift 
Development of reading vocabulary in children with and without hearing loss: 
A longitudinal perspective 
1. De score op een lexicale decisietaak met een variëteit aan woorden van 
verschillende registers en van verschillende linguïstische complexiteit is een 
goede indicator van de leeswoordenschat van kinderen met een auditieve 
beperking (Hoofdstuk 2 en 4). 
2. Verschillende woordtypes behoeven verschillende typen van instructie 
(Hoofdstuk 3 en 7). 
3. Hoewel de leeswoordenschat van kinderen met een gehoorverlies zich langzamer 
ontwikkelt, is deze ontwikkeling wel vergelijkbaar met die van horende 
leeftijdgenoten (Hoofdstuk 4). 
4. De leeswoordenschat moet gemeten worden aan de hand van een breed scala aan 
taken en woordtypen voor de meest precieze beoordeling (Hoofdstuk 4). 
5. Vroegtijdige diagnose van (ernstig) gehoorverlies is van groot belang, evenals het 
aanmeten van gehoorapparaten of cochleaire implantatie op jonge leeftijd, het 
opdoen van linguistische ervaringen vanaf jonge leeftijd en vroegtijdige 
woordenschatinterventies (Hoofdstuk 5). 
6. Measuring students' vocabulary knowledge may be fundamentally more complex 
than measuring other literacy-related skills and knowledge, because vocabulary is 
an "extremely large problem space" (Snow and Kim, 2006). 
7. Het schrijven van een proefschrift is als het lopen van een marathon. Als je maar 
genoeg stapjes zet, dan kom je er wel. 
8. Behind every successful woman is a substantial amount of coffee (Stephanie Piro). 
9. Promoveren is als het zetten van de perfecte espresso: de basis moet goed zijn 
('miscela' en 'macinazione'), je moet de beschikking hebben over de juiste tools 
('macchina'), maar uiteindelijk is het de promovendus zélf die het succes bepaalt 
('mano') (Man-Wai Chow). 
10. Voor de analyse van de ontwikkeling van de leeswoordenschat van kinderen moet 
de onderzoeker beschikken over goed woordbegrip, net zoals voor het lopen van 
een halve marathon eerst de tien kilometer moet worden volbracht (Trudie 
Schils). 
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DEVELOPMENT OF READING VOCABULARY IN 
CHILDREN WITH AND WITHOUT HEARING LOSS: 
A LONGITUDINAL PERSPECTIVE 
The present thesis reports on a longitudinal research 
investigating the development of reading vocabulary 
knowledge in children with hearing loss in the 
Netherlands. First, the differences in vocabulary 
knowledge between children with and without hearing 
loss were examined. Results show that the size of the 
difference in vocabulary knowledge between children 
with and without hearing loss depends on the type of 
knowledge and the type of words that are questioned. 
Second, although children with hearing loss develop at 
a slower rate and their vocabulary is smaller and less 
rich, their vocabulary and reading development is 
similar to the development of children with normal 
hearing. Finally, there are large individual differences 
within the group of children with hearing loss that 
remain constant over time due to the stability of 
development. Differences in reading vocabulary 
knowledge within the group of children with hearing 
loss at a given moment can be explained to a large 
extent by only a few variables. 
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